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Simple Summary: African elephants are highly social animals that perform a so-called Greeting
Ceremony in the wild when meeting elephants they are familiar with but have not seen for a certain
timespan. Until now, it has not been known whether zoo elephants also show this unique behaviour.
Therefore, this study was designed around the reunifications of two mother–daughter pairs that
had been separated for 2 and 12 years, and two unifications of unrelated elephants, as a comparison.
First contact was conducted in a protected setting, i.e., there was a fence between the animals to
prevent possible fighting. Signs of the Greeting Ceremony shown by the elephants, the distance they
kept to the separating fence, and the time until the elephants’ trunks touched for the first time were
observed. The results demonstrate that the related elephants showed all behavioural characteristic of
the Greeting Ceremony, kept close to the fence, and touched trunks after only a few seconds, while
elephants that were not familiar with each other did not show a full Greeting Ceremony, stayed
further from the fence, and touched trunks for the first time only after several minutes upon meeting.
This study testifies that zoo elephants show the same typical social behaviour known from wild
elephants (namely the Greeting Ceremony) and, therefore, behave species-specific. It also confirms the
strong family bonds of elephants and the cognitive abilities of elephants, specifically their long-term
social memory.

Abstract: The introduction of elephants into new groups is necessary for breeding programmes.
However, behavioural studies on the reactions of these animals at first encounters are missing.
In the present study, female African elephants (Loxodonta africana) living in zoos were observed
during unifications with unfamiliar elephants (introduction of two to one females and one to two
females; n = 6) and reunifications with related elephants (two mother–daughter-pairs; n = 4) that
were separated for 2 and 12 years, respectively. First encounters of the elephants were observed and
recorded by scan sampling. The parameters measured were (a) signs of the characteristic Greeting
Ceremony, (b) distance to the fence separating the elephants during first contact, and (c) time until
trunks touched for the first time. The data were statistically analysed with SPSS. The results showed
that related elephants performed a full Greeting Ceremony on reunifications. Unrelated elephants
only expressed a minor greeting. During first encounters, related elephants predominantly showed
affiliative behaviour (p = 0.001), whilst unrelated elephants expressed more agonistic behaviour
(p = 0.001). The distance to the fence was significantly smaller for related elephants than for unrelated
elephants (p = 0.038). first contact of trunks occurred on average after 3.00 s. in related elephants and
1026.25 s. in unrelated elephants. These findings indicate that related elephants recognise their kin
after up to 12 years of separation, meet them with a full Greeting Ceremony during reunification, and

Animals 2021, 11, 2990. https://doi.org/10.3390/ani11102990 https://www.mdpi.com/journal/animals

https://www.mdpi.com/journal/animals
https://www.mdpi.com
https://doi.org/10.3390/ani11102990
https://doi.org/10.3390/ani11102990
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ani11102990
https://www.mdpi.com/journal/animals
https://www.mdpi.com/article/10.3390/ani11102990?type=check_update&version=1


Animals 2021, 11, 2990 2 of 15

seek contact to the related elephant, while unrelated elephants are hesitant during unifications with
unfamiliar elephants and express more agonistic behaviour. The results testify that zoo elephants
show the same species-specific social behaviour as their conspecifics in the wild. It also confirms the
cognitive abilities of elephants and the significance of matrilines for breeding programmes.

Keywords: African elephant; zoo elephants; unification; reunification; communication; behaviour;
Greeting Ceremony

1. Introduction
1.1. Elephant Communication
1.1.1. Greeting Ceremony

Known to be highly sensitive mammals with a complex social structure and extraordi-
narily developed ways of communication, elephants and their behaviour have been a fre-
quent topic of research [1–7]. However, it is mainly olfactory [8–12] and auditory [4,13–19]
communication that has been investigated [7]. While sexual and breeding behaviour and
communication are well-represented [20–26], the so-called Greeting Ceremony [7] with its
enormous olfactory, visual, tactile, and acoustic aspects is investigated poorly for ex situ
living African elephants, so far.

While elephants usually greet other elephants by flapping their ears, lifting the head,
and sometimes touching the head of the other individual with their trunk (referred to as
Little Greeting) [27], the Greeting Ceremony is much more complex and usually restricted
to interactions between closely related elephants [7]. The ethogram in Table 1 shows the
behavioural items that form the Greeting Ceremony [7,18,28–31].

Table 1. Behaviour expressed during a Greeting Ceremony.

Item Behaviour

Running towards elephant Elephants run towards the elephant they intend to greet.

Clicking tusks and entwining
trunks together

Elephants click tusks and entwine their trunks by
winding them around each other.

Touching trunk Elephants touch the trunk of the other elephant with
their trunk.

Folding, lifting, spreading, and
flapping ears

Elephant’s ears are in motion by folding them back,
lifting them, enfolding them, and flapping them rapidly.

Raising head Elephants raise their heads as high as possible above
their shoulders.

Opening mouth Elephants open their mouth widely.

Touching head Elephants touch the head of the other elephant at eyes,
mouth, and temporal glands with their trunk.

Spinning round Elephants rapidly turn around repeatedly, also
changing direction.

Lifting tail Elephants lift their tail to stick it out.

Acoustic signals Elephants emit loud vocalisation as oral rumbles, roars,
and trumpets.

Defecating and urinating Elephants drop faeces and micturate.

Glandular secretion Elephants exude fluid from the temporal glands.

1.1.2. Affiliative and Agonistic Communication

Communication expressed by behaviours during greetings can be further classified
as affiliative, agonistic, and neutral [7,18,28–31]. The neutral behavioural eating/drinking
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is listed under (re)unification, as it is used as an indicator for stress in the animals. Since
stress induces a rise in cortisol, it operates anorexiant [32–37]. Thus, only animals that are
more relaxed during (re)unification are expected to show this behaviour. Table 2 lists all
behaviours included in this study.

Table 2. Affiliative, agonistic, and neutral behaviours of greetings.

Affiliative

Running towards fence/animal
Elephants run towards the elephant they

intend to greet or the fence separating them
from the elephant.

Pushing against the fence Elephants press their head or body against the
fence to touch the other elephant/

Touching trunks Elephants touch the trunk of the other elephant
with their trunk.

Affiliative agitation Elephants raise their head, shake the tail, click
their tusks, and flap with their ears.

Acoustic signals Elephants emit rumbles (low-frequent calls).

Defecating/urinating Elephants drop faeces and micturate.

Agonistic

Agonistic agitation
Elephants shake the head, stick out the tail,

role in their trunk, and fold their ears close to
their head.

Acoustic signal Elephants emit roars (high-frequent calls).

Pacing backwards Elephants quickly diverge from fence/other
elephants.

Showing servility
Elephants bow their head, lower their

shoulders, furl the trunk, and jam their tail
between their hind legs.

Showing dominance

Elephants stand tall, with raised heads and
spread ears; they lift their trunk over their

heads; they place the trunk on the other
elephants’ head; and they run towards other

elephants with sudden speed.

Neutral

Eating/ drinking Elephants eat and/or drink.

1.2. Elephant Transfers
1.2.1. Unifications

The management of the African elephant population in European zoos has to maintain
a defined birth rate to ensure the viability of the population and its biodiversity [38–45].
Thus, elephant transfers to bring animals in potential breeding situations are common.
This applies mostly for males, but when space becomes limited, sometimes females need
to be transferred as well [44,45]. Hence, elephants have to be acquainted with new housing
conditions; new surroundings; and most importantly, new herd members. Those unifica-
tions of unrelated elephants are very difficult situations when handling elephants [38,44].
Maintaining such a situation with the right caution is essential for the successful joining
of different elephant groups. Knowing how elephants behave on such occasions is highly
beneficial to prevent possible aggressive behaviour or a failure in merging the two groups.

1.2.2. Reunifications

Nowadays, European zoos seek to keep elephants in herd structures similar to the
way elephants live in the wild [38,40,45], with cows living with their female offspring in
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multigenerational herds [37,38]. In the past, however, occasional separation of mothers
and daughters took place in European zoos [42]. Given the information from the wild, a
reunification of related individuals might provide different results in comparison with uni-
fication of unrelated animals, with possibly different behaviour in the elephants involved.
Scientific understanding of the underlying factors during (re)unification are important
for the preservation of the species-specific social structure and the well-being of African
elephants in modern zoos.

1.3. Aims of the Study

The so-called Greeting Ceremony is an indicator for elephants’ recognition of and a
friendly attitude towards each other [7,31]. Whilst frequently described for wild-ranging
elephants [28,29], to the best of our knowledge, there is no empirical data on the Greeting
Ceremony for zoo-living elephants. This study aims to investigate the behaviour of related
and unrelated African elephants at first encounters during (re)unification and the possible
expressing of the characteristic Greeting Ceremony in a zoo environment. Confirming that
zoo-socialised elephants express the same social behaviour and make use of the same
ways of communication as in situ living individuals is of particular importance, as the
zoos and studbooks aim to ensure a species-specific development of the zoo-bred African
elephants [38–45].

It can be expected that elephants that were separated for a certain timespan will make
use of the Greeting Ceremony on reunification, while unfamiliar elephants will not show
signs of a Greeting Ceremony when unified [7]. Hypothesising that related elephants will
easily be adjoined and show intense emotional behaviour on reunification, it would give
evidence of the long-term memory of this species. Recognition of a related animal after a
longer period of separation, using the Greeting Ceremony, would attest to this particular
ability in African elephants.

2. Material and Methods
2.1. Animals

In the framework of the European Endangered Breeding Programme (EEP) for the
African elephant, recommendations were made to transfer a daughter (Panya) to her
mother (Bibi) and a mother (Pori) back to her daughter (Tana). It was also recommended
to transport two unrelated cows (Lilak and Kariba) to another place with another single
elephant (Zimba) and one unrelated elephant (Drumbo) to two unrelated cows (Saly
and Umbu).

Even though most of the elephants were born in the wild, they were transferred to
European zoos at a young age and socialised under zoo conditions.

For more detail on the elephants, see Table 3.

Table 3. List of elephants.

Elephant Sex Origin Date of Birth
Date of Transfer

from Wild to
the Zoo

Transferred from
to

Related to (Only
Elephants Included

in the Study Are
Listed)

(Re)united with

Panya F Zoo-born 22 August 2007 -
Bergzoo Halle to

Serengeti Park
Hodenhagen

Daughter of Bibi Bibi

Bibi F Wild-born 1985 1987 - Mother of Panya Panya

Pori F Wild-born 1981 1983 Tierpark Berlin to
Bergzoo Halle Mother of Tana Tana

Tana F Zoo-born 4 May 2001 - - Daughter of Pori Pori

Lilak F Wild-born 1971 1973 Tierpark Berlin to
Opel-Zoo Kronberg - Zimba
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Table 3. Cont.

Elephant Sex Origin Date of Birth
Date of Transfer

from Wild to
the Zoo

Transferred from
to

Related to (Only
Elephants Included

in the Study Are
Listed)

(Re)united with

Kariba F Zoo-born 17 March 2006 - Tierpark Berlin to
Opel-Zoo Kronberg - Zimba

Zimba F Wild-born 1982 1984 - - Kariba and Lilak

Drumbo F Wild-born 1990 1992
Zoo Vienna

Schönbrunn to
Safaripark Dvur

- Saly, Umbu

Saly F Wild-born 1982 1984 - - Drumbo

Umbu F Wild-born 1981 1983 - - Drumbo

All unifications and reunifications took place under the same (testing) conditions. The
sample size for related elephants was n = 4, and the sample size for unrelated elephants
was n = 6. The sample size for reunifications of the related and unrelated elephant groups
waws n = 2.

During the unification of Zimba with Lilak and Kariba, Zimba was in her stable
when Lilak and Kariba were released separately into the enclosure next to hers; therefore,
two data sets are presented (Zimba&Lilak and Zimba&Kariba). During the unification
of Drumbo with Umbu and Saly, Drumbo was in the stable and Umbu and Saly entered
the enclosure next to hers together, resulting in one data set. During the reunifications,
the daughters (Tana and Panya) were in their enclosures and their mothers (Pori and Bibi)
entered the adjacent enclosure.

2.2. Ethological Data Collection

All behaviours of the elephants on first protected meeting through a fence were
documented utilising the ethogram (Table 1) according to scan sampling by the same
human observer [46–51], focusing on signs of behaviour characteristic for the Greeting
Ceremony [7,18,28–31,52,53]. Acoustic signals (trumpets, rumbles, and roars) were noted
and specified when heard. Additionally, the ethogram differentiated between signs of
agitation related to excitement (affiliative connotation) and signs of agitation related to
fear (agonistic connotation) [7,27,45,46]. Procedures were observed while elephants were
still separated through a fence, though in tactile, visual, auditory, and olfactory contact,
as first meetings during the introduction of new herd members were performed with a
barrier for safety reasons. Even though observation times ranged between 35 to 78 min,
most behaviours occurred in the first 30 min. Therefore, only the first 30 min were used
for analyses.

The distance that the elephants kept to the fence throughout the (re)unification was
measured in meters to assess their willingness to touch the other individual [47]. The
distance was based on direct contact (meaning tactile contact to the fence or animal) or
distance of <1 m, 1–2 m, 3–4 m, and >4 m. The elephants’ distance to the fence was recorded
every 10 s during the (re)unification.

For all elephants, the first moment of tactile contact during (re)unification was deter-
mined and is referred to as first contact of trunks throughout this paper. This indicator was
used to describe the willingness of the elephants to reach for and touch the other elephant
and for their curiosity [47].

The sets of data for behaviour and distance to the fence were classified numeri-
cally [54,55]. Statistical analysis for all data was performed using SPSS 27, and whether
there were significances in the differences in the data sets between elephants on reunifi-
cations and unifications was calculated. Utilising the Kolmogorov–Smirnov test, it was
determined whether the data distribution was normal, followed by intercorrelation calcula-
tions (Spearman’s ρ) of the subscales [56,57]. As the data of both the behaviour analysis
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and the distance analysis showed no even distribution of significance (p ≤ 0.05) [58,59],
the data sets were not normal in distribution and the Mann–Whitney U Test was used to
determine the significant differences (p ≤ 0.05) [55–58] between (re)unifications.

For the analysis of the signs shown in the Greeting Ceremony, a Chi-Square Test was
performed and the Fisher’s Exact Test was used to detect the significance, as the data sets
partially had less than size items and the effect size was calculated utilising the Monte
Carlo Simulation (x2) [60,61].

The distribution for the data set of affiliative and agonistic behaviours was nor-
mal, and a t-test and the Levene’s Test for Equality of Variances was calculated to deter-
mine the significance in the differences between related and unrelated elephants during
(re)unifications [51,62–64].

As the data for the measurement of first trunk contact during (re)unifications were
distributed evenly according to the Kolmogorov–Smirnov test, an unpaired t-test and the
Levene’s Test for Equality of Variances were calculated to show the significant differences
between the two sample groups [51,62–65].

The distribution differed between both groups for the shown distinct behaviours dur-
ing the (re)unifications, (Kolmogorov–Smirnov p < 0.05); therefore, the Mann–Whitney U
Test was used to determine if there were significant differences in greeting
behaviour [61–64].

The distribution between both groups for the data set distance to fence differed
(Kolmogorov–Smirnov p < 0.05); thus, the Mann–Whitney U Test was calculated again, to
determine if there were differences in the distance that the elephants kept from the fence
between related and unrelated elephants [55–58].

The effect size was calculated with Pearson’s correlation coefficient: r = z√n [57,59].
For all tests, the significance level was set at p ≤ 0.05 [65].

3. Results
3.1. Signs of Greeting Ceremony and General Behaviour during (Re)Unifications

Based on the behavioural components of the Greeting Ceremony, listed in Table 1, a
first analysis was performed to determine if elephants expressed the typical signs of the
Greeting Ceremony during (re)unifications. Table 4 summarises the results and shows that
all elephants that were reunited showed every behavioural item of the Greeting Ceremony.
The behavioural items of the Greeting Ceremony that were also shown by all of the elephants
on unifications were raising head and that with minor exceptions of one to two elephants
were touching trunk, lifting tail, and glandular secretion. Only one elephant on unification
emitted acoustic signals and the behavioural items running towards elephant, clicking tusks,
entwine trunks together, opening mouth, touching head, spinning around, and defecating/urinating
were not shown by elephants on unifications.

The statistical analysis of the data shows a significant difference for the behavioural
items running towards each other, clicking of tusks, entwining trunks together, opening
mouth, touching head, spinning round, acoustic signals, and defecating and urinating.
There was no significant difference for the items touching trunk, folding, lifting, spreading,
flapping ears, raising head (is a constant), lifting tail, and glandular secretion.

The results for affiliative and agonistic behaviours based on the ethogram in Table 2
show that elephants on reunification showed ~79.52% of the affiliative and ~19.65% of the
agonistic behaviours while ~0.82% was neutral behaviour, and that unrelated elephants
showed ~12.5% of the affiliative, ~85.08% of the agonistic, and ~2.41% of the neutral
behaviours during unification (Figure 1).
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Table 4. Differences in expressed behaviour during (re)unifications.

Unrelated Related

Exact Sig.
(2-Sided)

(Fisher’s Exact
Test)

Effect Size
(Monte Carlo
Simulation)

Behaviour Saly Umbu Drumbo Zimba Kariba Lilak Bibi Panya Tana Pori p X2

Running towards
elephant - - - - - - + + + + 0.003 11.00

Clicking tusks,
entwine trunks

together
- - - - - - + + + + 0.003 11.00

Touching trunk - + + + + + + + + + 1.0 0.629

Folding, lifting,
spreading, flapping

ears
+ - + + + + + + + + 1.0 0.629

Raising head + + + + + + + + + + - -

Opening mouth - - - - - - + + + + 0.003 11.00

Touching head - - - - - - + + + + 0.003 11.00

Spinning round - - - - - - + + + + 0.003 11.00

Lifting tail + - + + + + + + + + 1.0 0.629

Acoustic signals - - - - + - + + + + 0.015 7.543

Defecating and
urinating - - - - - - + + + + 0.003 11.00

Glandular
secretion - - + + + + + + + + 0.491 1.397
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Levene’s Test shows no statistical significance for the category affiliative behaviour
(0.568); therefore, equal variance is given. The t-test shows that the mean time of affiliative
behaviour was more than 50% higher for related elephants (95%-CI [33.30641, 66.87859])
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than for unrelated elephants. There was a statistically significant difference between the
time that the two groups expressed affiliative behaviour: t(9) = 6.751, p = 0.001, d = 4.231. For
the category agonistic behaviour, the variance is unequal. The t-test shows that the mean time
of agonistic behaviour was more than 60% lower for related elephants (95%-CI [−82.62850,
−37.75650]). There was a statistically significant difference of t(9) = −6.370, p = 0.001,
d = −3.026 (Table 5).

Table 5. Significances for affiliative and agonistic behaviours for related and unrelated elephants on behaviour during
(re)unifications.

Levene’s Test
for Equality of

Variances
t-Test for Equality of Means Effect

Size

Sig. t df
Sig.

(2-Tailed) p
Mean

Difference
Std. Error
Difference

95% Confidence Interval
of the Difference

d
Lower Upper

affiliative

Equal variances
assumed 0.568 6.751 9 0.000 50.09250 7.42039 33.30641 66.87859

4.231Equal variances
not assumed 7.066 7.271 0.000 50.09250 7.08876 33.45589 66.72911

agonistic

Equal variances
assumed 0.010 −4.827 9 0.001 −60.19250 12.46980 −88.40116 −31.98384

−3.026
Equal variances

not assumed −6.370 6.862 0.000 −60.19250 9.44953 −82.62850 −37.75650

3.2. Distance to Fence during (Re)Unification

The percentage of time that the elephants spent at a certain distance to the fence at first
encounter with the (un)related elephant/s is presented in Figure 2. Elephants reuniting
spend ~28.31% of time in direct contact, while elephants uniting for the first time spend
~10.23% of time in direct contact. For the category <1 m, the percentages were ~23.19%
(related elephants) and ~7.93% (unrelated elephants); for 1–2 m, they were ~30.12% (related)
and ~15.17% (unrelated); for 3–4 m, they were ~13.05% (related) and ~33.18% (unrelated);
and for >4 m, they were ~5.32% (related) and ~33.49% (unrelated).

There was a statistically significant difference in the distance to the fence in the
categories direct and 1–2 m but not in the categories <1 m, 3–4 m, and >4 m (Table 6).

Table 6. Significances for distance to the fence between related and unrelated elephants during
(re)unification.

a

Direct <1 m 1–2 m 3–4 m >4 m

Mann–Whitney U 3.000 6.000 3.000 10.000 5.000

Z −2.079 −1.512 −2.079 −0.756 −1.701

Asymp. Sig. (2-tailed) p 0.038 0.131 0.038 0.450 0.089

Pearson’s correlation coefficient r −0.627 −0.456 −0.627 −0.228 −0.513
a. Group variable: related, 1; unrelated, 2.
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(re)unification.

3.3. First Contact of Trunks

The time until first contact of trunks is shown in Table 7. Related elephants demon-
strated instant contact of trunks, whilst the time until trunk contact in unrelated elephants
ranged from ~100 s to more than 900 s. The elephants Umbu and Drumbo did not touch
trunks during unification. Therefore, a value is not shown for this pair.

Table 7. Seconds until first contact of trunks during (re)unifications for the different pairs that
were (re)united.

Setting Elephant Pair Time until Contact (s) Average

Unification

Saly and Drumbo 107

450
Umbu and Drumbo not displayed

Zimba and Lilak 936

Zimba and Kariba 362

Reunification
Bibi and Panya 2

3
Pori and Tana 4

Table 8 shows the statistical differences between the two test groups for first contact
of trunks. The Levene’s Test yields no statistical significance (0.165); therefore, equal
variances are given. The t-test shows that the mean time until first contact of trunks
was −1023.25 s (95%-CI [−3456.35, 1409.85]) lower for the related elephants than for the
unrelated elephants. The difference between time until first contact of trunks for related
and unrelated elephants during (re)unifications was statistically significant, t(10) = −2.453,
p = 0.034.
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Table 8. Significances for related and unrelated elephants on first contact of trunks during unification.

Levene’s Test
for Equality
of Variances

t-Test for Equality of Means

Sig. t df
Sig.

(2-tailed) p
Mean

Difference
Std. Error
Difference

95% Confidence
Interval of the

Difference

Lower Upper

First
Contact of

Trunks

Equal
variances
assumed

0.002 −2.453 10 0.034 −723.250 294.809 −1380.126 −66.374

4. Discussion
4.1. Signs of Greeting Ceremony and General Behaviour during (Re)Unifications

Free-ranging elephants live in a complex fission–fusion society, and separations and
unifications are common events [28,47]. Zoo elephants, in contrast, live in stable groups,
and re-unifications of related animals are very rare. We used the opportunity to monitor
the exceptional situations of the reunification of two mother–daughter pairs and compared
them to the unifications of six unrelated females. The results presented here are the first
to describe and analyse the occurrence of behaviours displayed in both situations at first
encounters in zoo elephants. We found differences in the Greeting Ceremony expressed
for elephants united and reunited. While all elephants on reunification expressed all
behavioural items described for the Greeting Ceremony [7,18,28–31], elephants on unifi-
cations only showed some of those behavioural items and, therefore, not a full Greeting
Ceremony [27]. This testifies that, even in a zoo environment, the whole ceremony is only
displayed if elephants know each other. This study also attests that related elephants living
ex situ express the same characteristic Greeting Ceremony, as African elephants living in
situ. This provides signs for their species-specific evolvement and preservation of species-
specific behaviour. As shown in Table 3, elephants of the study were either zoo-born or
transferred to zoos at an early age of just two years. This implies that they were still
too young to learn all of the behaviour of the Greeting Ceremony in the wild and that the
shown behaviour must be genetically determined in the species. The study also confirms
that African elephants living in zoos recognise family members after up to 12 years of
separation [7]. This provides further evidence for the long-term memory reported also for
free-ranging animals [66]. The study reveals that ex situ living elephants generally showed
certain greeting behaviours, even when they were unrelated, and therefore certifies the
highly social behaviour in African elephants living in zoos, which is also known for the
species in situ [7,67–71]. The study also investigated the affiliative and agonistic behaviours
shown by the elephants during (re)unifications. The results clearly prove that there is
a statistically significant difference for the categories affiliative behaviour and agonistic be-
haviour, with related elephants expressing ~50.00% more affiliative and ~60% less agonistic
behaviour during reunifications than unrelated elephants. Elephants encountered familiar
animals friendly and forward going (~79.52% affiliative behaviour), while elephants on
unifications were hesitant and showed predominantly agonistic behaviour (~85.08%) (see
Figure 1). This confirms the significance of family bonds and the general understanding
of the intense social relationships of elephants [7,45,67–71] and their hesitation when con-
fronted with unfamiliar individuals, which is also known from the wild [7,47]. Elephants
living in situ rely on family members when raising calves, protecting the herd, and search-
ing for food and water [1–3,5,47]. The results of the study indicate that behaviour that is
connected to a close family bond, such as the Greeting Ceremony, is generically anchored in
elephants and preserved in zoo-socialised elephants. It was also observed that elephants
on reunifications spend more time on the neutral behaviour eating/drinking than elephants
on unifications. It can be assumed that elephants on reunifications were relaxed enough to
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spend time eating and drinking, as the situation did not cause them an exceedingly high
amount of stress [32–37], whereas elephants being united with unfamiliar elephants did
not calm down enough to eat and drink, a behaviour they display typically most of the
time [32–37].

4.2. Distance to Fence during (Re)Unification

The analysis of the distance that the elephants kept from the fence (and therefore to the
closest point of contact they could reach during (re)unification) shows that elephants being
reunited lingered closer to the fence than elephants that were united. Related elephants
spent most of the time during reunification at a distance under two meters from the fence,
while unrelated elephants stood most of the time at a distance of three meters or more,
maintaining a wider distance (see Figure 2). This shows that elephants on unifications
were reluctant to approach during the unifications and did not want to get close to the
unfamiliar elephant. Unknown individuals can always be a threat and elephants avoid
living with individuals they are not related to [47]. Their reluctance to meet unknown
elephants must therefore be considered species-specific. Equally, approaching familiar
and related elephants on an encounter and especially during the Greeting Ceremony is
species-specific for African elephants [7,18,27–31]. These data give further evidence for
species-specific behaviour present in ex situ living African elephants and the preservation
of strong family bonds. Even after several years of separation, they seek close contact with
their relatives.

4.3. First Contact of Trunks

The results of the time until first contact of trunks during (re)unifications also show
a major difference between related and unrelated elephants (see Table 7). The time until
first contact of trunks for related elephants is only 3 s on average; for unrelated elephants,
in contrast, it is 102,625 s, being on average 342 times higher. Of the four pairs that were
observed during unification, one group did not touch trunks at all during the entire first
encounter. However, the range for the time until first contact of trunks during unifications
is wide in unrelated elephants. Some elephants seemed to be less hesitant to touch the
unfamiliar elephants than others (Saly and Drumbo, 107 s; Zimba and Lilak, 336 s). An
individual distinctive disposition can be assumed, which might originate from some
elephants being more curious than others, having a different social status, being of different
age (and therefore less or more experienced), or having made certain previous experiences.
Generally, unrelated elephants are described to be reluctant to touch the unfamiliar elephant
on first encounter, while related elephants immediately seek contact with the familiar
individual [1,7,47]. This observation additionally attests to the strong bonds between
mother–daughter groups, which this study also found in African elephants in zoos even
after a long period of separation from each other. It also confirms that related elephants
on reunifications immediately approach, reach out for, and seek tactile contact with the
other animal. As the olfactory and auditory senses in elephants are highly developed [9,18],
these results indicate that the individuals recognised the other animal before the moment
of first direct contact and wanted to engage in tactile contact with the other individual
as soon as possible. Unrelated elephants, on the other hand, are aware that they are not
familiar with the other individual and therefore hesitate to engage in tactile contact.

5. Conclusions

Even though the number of animals in the present study is small, the data presented
here give further evidence of the strong bonds between mother–daughter groups. They
also testify that elephants recognise each other after long-term separation by showing a
full Greeting Ceremony, even after living apart for up to 12 years and therefore feature a
species-specific behaviour even under zoo conditions, comparable with that shown in the
wild. This provides evidence of recognition of their kin for the exceptional memory of this
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species. Keeping mothers and daughters together to build up matrilines can be considered
as an important goal in the care of elephants living in European zoos [43–50,72,73].

The strong reactions expressed by mother and daughter elephants during reunifica-
tions and the empirical data of this study, demonstrating their urge to seek contact with the
related animal, testify that zoo elephants, whether wild-caught or zoo-born, still belong to
those species-specific mother–daughter groups. This verifies the hypothesis that elephant
cows and their female offspring are better held together and that separations should be
avoided in the future, where possible, to facilitate better living conditions for the animals.

Even though unifications of unrelated female elephants are a part of the European
breeding programme for African elephants, elephant transfers are not frequent events and
behavioural data were missing so far. Additionally, chances to observe reunifications of
family members are extremely rare. Therefore, caution must be taken when interpreting
ethological data, as sample size and statistical power are limited in this study [74,75]. Our
preliminary findings support the need for further research.

Author Contributions: F.H.: conceptualisation, data curation, formal analysis, investigation, method-
ology, project administration, visualisation, and writing—original draft; A.-K.O.: conceptualisation,
project administration, supervision, validation, and writing—review and editing; D.W.H.M.: re-
sources, and writing—review and editing; U.W.: resources, and writing—review and editing; I.A.-S.:
resources, and writing—review and editing; J.H.: resources, and writing—review and editing; G.P.:
resources, supervision, validation, and writing—review and editing. All authors have read and
agreed to the published version of the manuscript.

Funding: We acknowledge support from the Open Access Publication Fund of the University
of Wuppertal.

Institutional Review Board Statement: Animal welfare was not affected by the collection of data at
any point of the study, as the elephants were not affected by the study’s behavioural observations and
transports were conducted according to the recommendations within the network of the European
population management programme. The observations did not involve any direct contact with the
animals or any changes in the zoo-given conditions during transport and (re)uniting. All handling of
the animals during the observed process was conducted by the zoos with the greatest care and with
a high focus on the animals’ welfare.

Informed Consent Statement: Not applicable.

Acknowledgments: The authors thank all persons involved in the study at the Tierpark Berlin,
Bergzoo Halle, Serengeti Park Hodenhagen, Opel-Zoo Kronberg, and Safaripark Dvůr Králové for
the opportunity to conduct this study. We especially thank the keepers of all elephant facilities for
their help and cooperation during the whole project.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

Abbreviations

CI Confidence interval
d Effect size after Cohen
df Degree of freedom
M Mean
m Meter
N/n Sample size
p Significance
r Effect size after Pearson
SD Standard Deviation
sec Seconds
t t-Statistic



Animals 2021, 11, 2990 13 of 15

U Mann-Whitney U-Statistic
X2 Effect size after Monte Carlo
Z Z-Statistic
% Percent

References
1. Archie, E.A.; Moss, C.J.; Alberts, S.C. The ties that bind: Genetic relatedness predicts the fission and fusion of social groups in

wild African elephants. Proc. R. Soc. Biol. Sci. 2005, 273, 513–522. [CrossRef] [PubMed]
2. Charif, R.A.; Ramey, R.R.; Langbauer, W.R.; Payne, K.B.; Martin, R.B.; Brown, L.M. Spatial relationships and matrilineal kinship

in African savanna elephant (Loxodonta africana) clans. Behav. Ecol. Sociobiol. 2005, 57, 327–338. [CrossRef]
3. Estes, R.D. The Behavior Guide to African Mammals: Including Hoofed Mammals, Carnivors, Primates; The University of California

Press: Oxford, UK, 1991.
4. Langbauer, W.R. Elephant communication. Zoo Biol. Publ. Affil. Am. Zoo Aquar. Assoc. 2000, 19, 425–445. [CrossRef]
5. McComb, K.; Moss, C.; Durant, S.; Baker, L.; Sayialel, S. Matriarchs as Repositories of Social Knowledge in African Elephants.

Science 2001, 292, 491–494. [CrossRef] [PubMed]
6. O’Connell-Rodwell, C.E. Keeping an “ear” to the ground: Seismic communication in elephants. Physiology 2007, 22, 287–294.

[CrossRef] [PubMed]
7. Poole, J.; Granli, P. Signals, Gestures, and Behavior of African Elephants. In The Amboseli Elephants: A Long-Term Perspective on a

Long-Lived Mammal; Moss, C.J., Croze, H., Lee, P.C., Eds.; The University of Chicago Press: Chicago, IL, USA, 2011; pp. 109–124.
8. Bates, L.A.; Sayialel, K.N.; Njiraini, N.W.; Poole, J.H.; Moss, C.J.; Byrne, R.W. African elephants have expectations about the

locations of out-of-sight family members. Biol. Lett. 2008, 4, 34–36. [CrossRef] [PubMed]
9. Rasmussen, B. The biggest smeller. J. Elephant Manag. Assoc. 1995, 6, 58–60.
10. Rasmussen, L.E.L.; Hall-Martin, A.J.; Hess, D.L. Chemical profiles of male African elephants, Loxodonta africana: Physiological

and ecological implications. J. Mammal. 1996, 77, 422–439. [CrossRef]
11. Rasmussen, B.; Schulte, B. A medley of chemical signals. J. Elephant Manag. Assoc. 1996, 7, 61–64.
12. Wheeler, J.W.; Rasmussen, L.E.L.; Ayorinde, F.; Buss, I.O.; Smuts, G.L. Constituents of temporal gland secretion of the African

elephant, Loxodonta africana. J. Chem. Ecol. 1982, 8, 821–835. [CrossRef]
13. Langbauer, W.R.; Payne, K.B.; Charif, R.A.; Thomas, E.M. Responses of captive African elephants to playback of low-frequency

calls. Can. J. Zool. 1989, 67, 2604–2607. [CrossRef]
14. Langbauer, W.R.; Payne, K.B.; Charif, R.A.; Rapaport, L.; Osborn, F. African elephants respond to distant playbacks of low-

frequency conspecific calls. J. Exp. Biol. 1991, 157, 35–46. [CrossRef]
15. Payne, K. Elephant talk. Natl. Geogr. 1989, 176, 264–277.
16. Payne, K. Elephants Calling; Crown Publishers, Inc.: New York, NY, USA, 1992; p. 36.
17. Poole, J. Elephant trunk calls. Swara 1988, 11, 28–31.
18. Poole, J.; Payne, K.; Langbauer, W.R.; Moss, C. The social contexts of some very low frequency calls of African elephants. Behav.

Ecol. Sociobiologv 1988, 22, 385–392. [CrossRef]
19. Rasmussen, L.E.; Schulte, B.A. Chemical signals in the reproduction of Asian (Elephas maximus) and African (Loxodonta africana)

elephants. Anim. Reprod. Sci. 1998, 53, 19–34. [CrossRef]
20. Andrews, J.; Mecklenborg, A.; Bercovitch, F. Milk Intake and Development in a Newborn Captive African Elephant (Loxodonta

africana). Zoo Biol. 2005, 24, 275–281. [CrossRef]
21. Douglas-Hamilton, I. On the ecology and behaviour of the African elephant. Ph.D. Thesis, University of Oxford, Oxford, UK, 1972.
22. Lee, P. Allomothering among African elephants. Univ. Camb. Anim. Behav. 1987, 35, 278–291. [CrossRef]
23. Lee, P.; Moss, C. Early maternal investment in male and female elephant calves. Behav. Ecol. Sociobiol 1986, 18, 353–361. [CrossRef]
24. Ortolani, A.; Leong, K.; Graham, L.; Savage, A. Behavioral Indices of Estrus in a Group of Captive African Elephants (Loxodonta

africana). Zoo Biol. Publ. Affil. Am. Zoo Aquar. Assoc. 2005, 24, 311–329. [CrossRef]
25. Pinter-Wollman, N.; Isbell, L.A.; Hart, L.A. The relationship between social behaviour and habitat familiarity in African elephants

(Loxodonta Africana). Proc. R. Soc. B 2009, 276, 1009–1014. [CrossRef]
26. Poole, J. Mate guarding, reproductive success and female choice in African elephants. Anim. Behav. 1989, 37, 842–849. [CrossRef]
27. Poole, J. Behavioral Context of Elephant Acoustic Communication. In The Amboseli Elephnats: A Long-Term Perspective on a

Long-Lived Mammal; Moss, C.J., Croze, H., Lee, P.C., Eds.; The University of Chicago Press: Chicago, IL, USA, 2011; pp. 125–161.
28. Moss, C. Social circles. Wildl. News 1981, 16, 2–7.
29. Moss, C. Elephant Memories; William Morrow and Company, Inc.: New York, NY, USA, 1988; p. 336.
30. Poole, J. Rutting behaviour in African elephants: The phenomenon of musth. Behaviour 1987, 102, 283–316. [CrossRef]
31. Poole, J. Family Reunions. In The Smile of the Dolphin: Remarkable Accounts of Animal Emotions; Bekoff, M., Ed.; Discovery Books:

New York, NY, USA, 2000; pp. 22–23.
32. Bernier, N.J. The corticotropin-releasing factor system as a mediator of the appetite-suppressing effects of stress in fish. Gen.

Comp. Endocrinol. 2006, 146, 45–55. [CrossRef] [PubMed]
33. Choi, C.Y.; Song, J.A.; Lee, T.H.; Park, Y.-S. Effect of green wavelength light on stress and appetite responses of olive flounder

(Paralichthys olivaceus) following feed deprivation and re-feeding. Aquac. Rep. 2021, 19, 1–14.

http://doi.org/10.1098/rspb.2005.3361
http://www.ncbi.nlm.nih.gov/pubmed/16537121
http://doi.org/10.1007/s00265-004-0867-5
http://doi.org/10.1002/1098-2361(2000)19:5&lt;425::AID-ZOO11&gt;3.0.CO;2-A
http://doi.org/10.1126/science.1057895
http://www.ncbi.nlm.nih.gov/pubmed/11313492
http://doi.org/10.1152/physiol.00008.2007
http://www.ncbi.nlm.nih.gov/pubmed/17699882
http://doi.org/10.1098/rsbl.2007.0529
http://www.ncbi.nlm.nih.gov/pubmed/18055407
http://doi.org/10.2307/1382819
http://doi.org/10.1007/BF00994782
http://doi.org/10.1139/z89-368
http://doi.org/10.1242/jeb.157.1.35
http://doi.org/10.1007/BF00294975
http://doi.org/10.1016/S0378-4320(98)00124-9
http://doi.org/10.1002/zoo.20048
http://doi.org/10.1016/S0003-3472(87)80234-8
http://doi.org/10.1007/BF00299666
http://doi.org/10.1002/zoo.20053
http://doi.org/10.1098/rspb.2008.1538
http://doi.org/10.1016/0003-3472(89)90068-7
http://doi.org/10.1163/156853986X00171
http://doi.org/10.1016/j.ygcen.2005.11.016
http://www.ncbi.nlm.nih.gov/pubmed/16410007


Animals 2021, 11, 2990 14 of 15

34. Crockett, C.M.; Shimoji, M.; Bowden, D.M. Behavior, appetite, and urinary cortisol responses by adult female pigtailed macaques
to cage size, cage level, room change, and ketamine sedation. Am. J. Primatol. 2000, 52, 63–80. [CrossRef]

35. Gebregeziabhear, E. The Effect of Stress on Productivity of Animals: A review. J. Biol. Agric. Healthc. 2015, 15, 14–22.
36. Janzen, W.J.; Duncan, C.A.; Riley, L.G. Cortisol treatment reduces ghrelin signaling and food intake in tilapia, Oreochromis

mossambicus. Domest. Anim. Endocrinol. 2012, 3, 251–259. [CrossRef] [PubMed]
37. Lindsay, W.K. Habitat Use, Diet Choice, and Nutritional Status in Female and Male Amboseli Elephants. In The Amboseli Elephants:

A Long-Term Perspective on a Long-Lived Mammal; Moss, C., Croze, H., Lee, P.C., Eds.; The University of Chicago Press: Chicago, IL,
USA, 2011; pp. 51–73.

38. Bossy, S. Elefantenhaltung vor dem Umbruch. Pinguinal. Mag. Des Zoo-Ver. Wupp. E.V. 2019, 24, 22–23.
39. Conley, S. Die Internationale Elephant Foundation und der Grüne Zoo Wuppertal. Pinguinal 2019, 24, 25.
40. EAZA. EAZA Position Statement of the Evolution of Elephant Management Systems at Member Zoos. 2019. Available

online: https://www.eaza.net/assets/Up-loads/EAZA-Documents-Other/EAZA-Position-Statement-on-the-Evolution-of-
Elephant-Management-Systems-at-Member-Zoos-FINAL.pdf (accessed on 13 July 2021).

41. 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. African
Elephant Status Report 2016. An Update from the African Database; IUCN: Gland, Switzerland, 2016.

42. EAZA. Areas of Activity. 2020. Available online: https://www.eaza.net/about-us/areas-of-activity/ (accessed on 13 July 2021).
43. Garaï, M.; Kurt, F. Sozialisation und das Wohlbefinden der Elefanten. Z. Des Kölner Zoo 2006, 49, 85–102.
44. Schulte, B. Social Structure and Helping Behaviour in Captive Elephants. Zoo Biol. 2000, 5, 447–459. [CrossRef]
45. Kowalski, N.; Dale, R.; Mazur, C. A survey of the management and development of captive African elephant (Loxodonta africana)

calves: Birth to three month of age. Zoo Biol. 2010, 29, 104–119. [CrossRef] [PubMed]
46. Kappeler, P. Verhaltensbiologie; Springer: Berlin/Heidelberg, Germany, 2020.
47. Krull, H.P. Beobachtungs- und Protokollmethoden für Verhaltensbeobachtungen; Zooschule Krefeld: Krefeld, Germany, 2000.
48. Martin, P.; Bateson, P.P.G. Measuring Behaviour: An Introductory Guide, 3rd ed.; Cambridge University Press: Cambridge, UK, 2007.
49. Naguib, M.; Krause, E.T. Methoden der Verhaltensbiologie; Springer: Berlin/Heidelberg, Germany, 2020.
50. Randler, C. Verhaltensbiologie; UTB GmbH: Stuttgart, Germany, 2018.
51. Kahl, M.P.; Armstrong, B.D. Visual and tactile displays in African elephants, Loxodonta africana: A progress report (1991–1997).

Elephant 2000, 2, 19–21. [CrossRef]
52. Williams, E.; Carter, A.; Hall, C.; Bremner-Harrison, S. Social Interactions in Zoo-Housed Elephants: Factors Affecting Social

Relationships. Animals 2019, 9, 747. [CrossRef] [PubMed]
53. Moss, C. The demography of an African elephant (Loxodonta africana) population in Amboseli, Kenya. J. Zool. 2001, 255, 145–156.

[CrossRef]
54. Agresti, A. An Introduction to Categorical Data Analysis, 2nd ed.; Wiley series in probability and mathematical statistics; Wiley-

Interscience: Hoboken, NJ, USA; Chichester, UK, 2007.
55. American Psychological Association. APA Manual 6th ed (Publication Manual of the American Psychological Association, 6th ed.;

American Psychological Association: Washington, DC, USA, 2013.
56. Dinneen, L.C.; Blakesley, B.C. Algorithm AS 62: A Generator for the Sampling Distribution of the Mann-Whitney U Statistic.

Appl. Stat. 1973, 22, 269. [CrossRef]
57. Ruxton, G.D. The unequal variance t-test is an underused alternative to Student’s t-test and the Mann-Whitney U test. Behav. Ecol.

2006, 17, 688–690. [CrossRef]
58. Bortz, J.; Döring, N. Forschungsmethoden und Evaluation: Für Human- und Sozialwissenschaftler; Springer Medizin Verlag:

Berlin/Heidelberg, Germany, 2006.
59. Siegel, S.; Castellan, N.J. Nonparametric Statistics for the Behavioral Sciences, 2nd ed.; McGraw-Hill: Boston, MS, USA, 1988.
60. Adery, C.A. A Simplified Monte Carlo Significance Test Procedure. J. R. Stat. Society. Ser. B Methodol. 1968, 30, 582–598.
61. Mehta, C.R.; Patel, N.R. A Network Algorithm for Performing Fisher’s Exact Test in r × c Contingency Tables. J. Am. Stat. Assoc.

1983, 78, 427.
62. Kubinger, K.D.; Rasch, D.; Moder, K. Zur Legende der Voraussetzungen des t -Tests für unabhängige Stichproben. Psychol.

Rundsch. 2009, 60, 26–27. [CrossRef]
63. Lakens, D. Calculating and reporting effect sizes to facilitate cumulative science: A practical primer for t-tests and ANOVAs.

Front. Psychol. 2013, 4, 863. [CrossRef]
64. Rasch, D.; Kubinger, K.D.; Moder, K. The two-sample t test: Pre-testing its assumptions does not pay off. Stat. Pap. 2011, 52,

219–231. [CrossRef]
65. Fritz, C.O.; Morris, P.E.; Richler, J.J. Effect size estimates: Current use, calculations, and interpretation. J. Exp. Psychol. Gen. 2012,

141, 2–18. [CrossRef] [PubMed]
66. Byrne, R.W.; Bates, L.A.; Moss, C.J. Elephant cognition in primate perspective. Comp. Cogn. Behav. Rev. 2009, 4, 65–79. [CrossRef]
67. Douglas-Hamilton, I.; Douglas-Hamilton, O. Unter Elefanten: Abenteuerliche Forschungen in der Wildnis Zentralafrikas; Gustav

Lübbe Verlag GmbH: Bergisch Gladbach, Germany, 1989.
68. Lee, P.C.; Moss, C. Calf Development and Maternal Rearing Strategies. In The Amboseli Elephants: A Long-Term Perspective on a

Long-Lived Mammal; Moss, C., Croze, H., Lee, P.C., Eds.; The University of Chicago Press: Chicago, IL, USA, 2011; pp. 224–237.

http://doi.org/10.1002/1098-2345(200010)52:2&lt;63::AID-AJP1&gt;3.0.CO;2-K
http://doi.org/10.1016/j.domaniend.2012.04.003
http://www.ncbi.nlm.nih.gov/pubmed/22657576
https://www.eaza.net/assets/Up-loads/EAZA-Documents-Other/EAZA-Position-Statement-on-the-Evolution-of-Elephant-Management-Systems-at-Member-Zoos-FINAL.pdf
https://www.eaza.net/assets/Up-loads/EAZA-Documents-Other/EAZA-Position-Statement-on-the-Evolution-of-Elephant-Management-Systems-at-Member-Zoos-FINAL.pdf
https://www.eaza.net/about-us/areas-of-activity/
http://doi.org/10.1002/1098-2361(2000)19:5&lt;447::AID-ZOO12&gt;3.0.CO;2-
http://doi.org/10.1002/zoo.20195
http://www.ncbi.nlm.nih.gov/pubmed/20391463
http://doi.org/10.22237/elephant/1521732201
http://doi.org/10.3390/ani9100747
http://www.ncbi.nlm.nih.gov/pubmed/31569551
http://doi.org/10.1017/S0952836901001212
http://doi.org/10.2307/2346934
http://doi.org/10.1093/beheco/ark016
http://doi.org/10.1026/0033-3042.60.1.26
http://doi.org/10.3389/fpsyg.2013.00863
http://doi.org/10.1007/s00362-009-0224-x
http://doi.org/10.1037/a0024338
http://www.ncbi.nlm.nih.gov/pubmed/21823805
http://doi.org/10.3819/ccbr.2009.40009


Animals 2021, 11, 2990 15 of 15

69. Moss, C.; Lee, P.C. Female Reproductive Strategies: Individual Life Histories. In The Amboseli Elephants: A Long-Term Perspective on
a Long-Lived Mammal; Moss, C., Croze, H., Lee, P.C., Eds.; The University of Chicago Press: Chicago, IL, USA, 2011; pp. 187–204.

70. Mutinda, H.; Poole, J.H.; Moss, C. Decision Making and Leadership in Using the Ecosystem. In The Amboseli Elephants: A
Long-Term Perspective on a Long-Lived Mammal; Moss, C., Croze, H., Lee, P.C., Eds.; The University of Chicago Press: Chicago, IL,
USA, 2011; pp. 246–259.

71. Archie, E.A.; Moss, C.J.; Alberts, S.C. Friends and Relations: Kinship and the Nature of Female Elephant Social Relationships. In
The Amboseli Elephants: A Long-Term Perspective on a Long-Lived Mammal; Moss, C.J., Croze, H., Lee, P.C., Eds.; The University of
Chicago Press: Chicago, IL, USA, 2011; pp. 238–245.

72. Kurt, F. Elefanten in Zirkus und Zoo. In Staatliches Museum für Völkerkunde in München (Ed.), Mensch und Elefant; Umschau-Verlag:
Frankfurt am Main, Germany, 1994; pp. 117–133.

73. Kurt, F. Die Geschichte der Haltung von Elefanten in Menschenobhut. Z. Des Kölner Zoo 2006, 49, 59–81.
74. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Lawrence Erlbaum Associates: Hillsdale, NJ, USA, 1988.
75. Ryan, T.P. Sample Size Determination and Power; Wiley Series in Probability and Statistics; John Wiley & Sons Inc.: Hoboken, NJ,

USA, 2013.


	Introduction 
	Elephant Communication 
	Greeting Ceremony 
	Affiliative and Agonistic Communication 

	Elephant Transfers 
	Unifications 
	Reunifications 

	Aims of the Study 

	Material and Methods 
	Animals 
	Ethological Data Collection 

	Results 
	Signs of Greeting Ceremony and General Behaviour during (Re)Unifications 
	Distance to Fence during (Re)Unification 
	First Contact of Trunks 

	Discussion 
	Signs of Greeting Ceremony and General Behaviour during (Re)Unifications 
	Distance to Fence during (Re)Unification 
	First Contact of Trunks 

	Conclusions 
	References

