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Disclaimer

Copyright (202Dby EAZA Executive Office, Amsterdam. All rights reserved. No part of this publication
may be reproduced in hard copy, machireadable or other forms without advance written
permission from the European AssociatiohZoos and Aquaria (EAZA). Members of the European
Association of Zoos and Aquaria (EAZA) may copy this information for their own use as fiéeded.
information contained in these EAZA Best Practice Guidelines has been obtained from numerous
sources belieed to be reliable. EAZA and the EAZ#phantTAG make a diligent effort to provide a
complete and accurate representation of the data in its reports, publications, and services. However,
EAZA does not guarantee the accuracy, adequacy, or completereasg ioformation. EAZA disclaims

all liability for errors or omissions that may exist and shall not be liable for any incidental,
consequential, or other damages (whether resulting from negligence or otherwise) including, without
limitation, exemplary damags or lost profits arising out of or in connection with the use of this
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publication.Because the technical information provided in the EAZA Best Practice Guidelines can easily
be misread or misinterpreted unless properly analyzed, EAZA strongly recomthahdsers of this
information consult with the editors in all matters related to data analysis and interpretation.

EAZA Preamble

Right from the very beginning it has been the concern of EAZA and the EEPs to encourage and promote

the highest possible stalards for husbandry of zoo and aquarium animals. For this reason, quite early

2y 9! Bl RSGSt2LISR (GKS daaAyAyYdzy {dFyRIFNRa F2N (K
LljdzE NATF é¢d ¢KSaS adlyRINRa fF& R2gy thad @embexslof LINR Y
EAZA feel themselves committed. Above and beyond this, some countries have defined regulatory
minimum standards for the keeping of individual species regarding the size and furnishings of
enclosures etc., which, according to the opinion others, should definitely be fulfilled before

allowing such animals to be kept within the area of the jurisdiction of those countries. These minimum
standards are intended to determine the borderline of acceptable animal welfare. It is not permitted

to fall short of these standards. How difficult it is to determine the standards, however, can be seen in

the fact that minimum standards vary from country to countiypove and beyond this, specialists of

the EEPs and TAGs have undertaken the considerableotdsling down guidelines for keeping

individual animal species. Whilst some aspects of husbandry reported in the guidelines will define
minimum standards, in general, these guidelines are not to be understood as minimum requirements;

they represent best gactice. As such the EAZA Best Practice Guidelines for keeping animals intend
rather to describe the desirable design of enclosures and prerequisites for animal keeping that are,
according to the present state of knowledge, considered as being optimedébrspecies. They intend

above all to indicate how enclosures should be designed and what conditions should be fulfilled for

the optimal care of individual species

CoverphotY tel St =+t 6S1Z hadNI g %22
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SCTION.: BIOLOGY ANBIELD DATA

BIOLOGY

1.1 TAXONOMY

Order Proboscidea
Family Elephantidae
Genera Loxodonta(African elephant)

ElephagAsian elephant)

Species Loxodontaafricana(African bush elephant)
Loxodonta cyclotigAfrican forest elephant)
Elephasnaximus(Asian elephant)
Table 1Elephant taxonomy

Species and Subspecies

Recent genetic and phylogenetic research suggests the presence of two species of African elephant
(savannah.oxodonta africanand forestLoxodonta cyclotjs one species of Asian elephdBiephas
maximug and a number of subspecies of both African and Asian eleplt&alde 1) It is likely that
elephant taxonomy may diversify in the futuf€houdhuryet al., 2008; Meyeet al., 2017)

There are currently three or four recognized living subspecies of Asian elephants; the Sri Lankan
subspeciesE. m. maximuysthe mainland Indian subspecies. (m. indicus the Sumatran subspecies
(E.m. sumatranysand (according to some authors) the Borneo subspedias.(borneensjs The

Indian elephant E. m. indicushas the broadest distribution, extending between the southern and
south-eastern regions of Asia.

Phylogeny

The order Proboscideeontains one living family, Elephantidae, the elephants, and several extinct
families. Elephants are members of the broad evolutionary line leading to ungulates or hoofed
mammals. Early proto ungulates showed extensive diversification in the Eocene.fobsifseshow
development towards the ungulate condition, but the limbs remained primitive and the nails had not
evolved into proper hooves. These lines died out leaving only the remnants of three: the sirenians (sea
cows), hyraxes and elephar(fBodd, 201Q)
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1.2 MORPHOLOGY

SPECIES WEIGHT @) HEIGHT LENGTH (head ant
(at shoulder, cm)  body, cm)

L.africana

Male 4,0006,000 280400 500650

Female 2,4003,500 240-300 450-600

L.cyclotis

Male 2,8003,200 240280 400450

Female 1,8002,500 210240 350400

E. maximus

Male 5,400 240-300 550640

Female 2,720 210-240

Table 2Morphological data of elephan{&ltringham, 1982)

Elephants have a very large head and ears (espeaidloxodontd; the neck is short; the body and
limbs are long, and the tail is of moderate length. Ears are used in communication and are also
important in regulating body temperaturelhe feet are short ahbroad and columnar in shapé&he
weight restson a pad of elastic tissue which acts as a cushion or shock absdwyer are five toes on

each foot The forefoot is circular in outllnand the hind more elongated@he skin is sparsely haired

and the sebaceous glands, which are associated with thiefbBicles in most mammals, are not
present in elephants thus there is no natural method for soiftg and lubricating the skifkemales

have two nipples just behind the front legs and the testes are retained permanently within the
abdominal cavity of mas.

Thesecond maxillaryncisors grow to form the tusks, continuing to grow throughout life, onedthir
being embedded in the skulThe extension of the pulp cavity has been shown to change with age and
probably further factors$teenkamp2008). The nolaror grinding teeth are uniquél he total number

is 24; six in each half jaw but no more than twotteare in use at any one tim&here is linear
progression with each tooth appearing at the back of the jaw and moving forwards as the preceding
tooth is progressively worn down at the frofiingdon, 1997)Each tooth drops oupiecemealas it
reaches the front of the jaEltringham, 1982)
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The trunk is an information receptor; the elepharges it as an olfactory organ, picking up scents and
smells, and also to explore food and other items. It combines an elongated nose and the upper lip; the
nostrils being located at the tip. The fingike extremities are used to pick up objects whici t&

seized and manipulated with extreme sensitivity. The trunk can be used both for gentle caresses and
admonitory slaps to the young. Charging elephants curl up their trunk to slap it out forwards
energetically aftefoldingits trunk back, using the fehead as a battering ram, its forefetet kick or
trample and the tusks to stab. According to Benedict (1936), the trunk can hold4g tires and
perhaps >10 litres in an adult Asian mépinage1994) The trunk is essential tihe survival of the
elephant.Smell is the most highly developed sense; eyesgglimited but hearing acuteMidway
0SG6SSy (KS St SLIK I-iKdofige, tiedetporaygRnd Snhidhllies fustibathane A (
skin. These glands emit a dargtrongsmelling oily substance, esgally from bulls when in musth.
Viscosity as well as olfactory qualitytbhé temporal secretion varies with age, sex and reproductive
status.

Thedifferences between African and Asian elephants are well descf®aaington, 1962; Eltringham,

1982; Nowak, 1991Shoshani1991) The main differences (see Figahd Table Pare: the Asian is

smaller, has a comx back and much smaller earsallso has twin mounds on the forehead, whereas

GKS ''TNRAOIFY KFa | aAy3atS R2YSo ¢ &Sl oneMiag psiak I & (0 &
There are also differences in the surfaces of the madatit. Tusks are very short or even absent in

female Asif St SLIKI yia ¢dcCbiand maleYASiadamhahts Godndt grow tusks. All

details orelephant footdifferencesand foot structure can be found @sutiet al.(2001)or see chapter

2.8.1 ot care Both genera have 56 chromosom@tungerfordet al., 1966)

African Elephant Asian Elephant

Figure 1African and Asian elephant profiles
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1.3 PHYSIOLOGY

As every species does, elephants express a variety of physiological traits accurately adapted to the
environment they evolved in. We focus here gimysidogical characteristics specifiz elephants and
of practical relevance for their care.

In elephants a heart rate of 250 beats per minute (bpm) is considered normal. It makes a big
difference whether the elephant is in a standing &5 bpm) orrecumbent (3650 bpm) position
Normal parameters for the respiratory rate are-12 breaths per minute in a standing elephant, but
can decrease to 4 breaths per minute in a sleeping aniwWadner, 201%

For the African as well as the Asian elephammatologyreference values are availableg@le 3 and
4). When analyzing hematological parameters of an individleghant, the substantial inteas well

as intraindividual variation should be kept mind. Based on that, regular monitoring and building up
of an individual baseline will provide much more reliable benchmarks in the case of a dRea#®

et al, 2018)

Parameter Loxodonta Elephas
White blood cells (xIcells/l =x180 St & k ¥ 9.83 (9.56) 12.29 (11.81)
Red blood cells (x30cells/l =x160Sf f a kK 2.93 (2.90) 2.91 (2.86)
Hemoglobin (mmol/l) 7.94 (7.94) 7.51 (7.45)
(g/dl) 12.8 (12.8) 12.1 (12.0)
Hematocrit (%) 37.0 (36.9) 35.6 (35.0)
MCV (fL) 125.5 (125.6) 122.3 (122.8)
MCH (fmol) 2.7368 (2.7368) 2.5878
(2.6064)
(p9) 44.1 (44.1)
41.7 (42.0)
MCHC mmol/l 21.8 (21.7) 21.2 (21.3)
(g/dl) 35.1 (35.0) 34.1 (34.4)
Segmented neutrophils (heterophils) (®16ells/I 3.34 (3.03) 3.6 (3.09)
=x160St f &k xf O
Lymphocytes1®cells/I=x160 St f &k x 4.14 (3.81) 3.53(2.74)
Monocytes 1@ cells/I=x160Sf f ak x f 0 2.05 (1.56) 4.78 (5.29)
Eosinophilsx1®cells/I= x160Sf t &k xf 0 0.175 (0.130) 0.293 (0.233)
Basophils1®cells/l =x160Sf f ak xf 0 0.135 (0.105) 0.121 (0.115)
Plateletsk1(® cells/I=x16k k f 0 381 (313) 447 (411)

Table 3Complete blood count values (International Units) given as mean (me@éajiner, 2015)Note that
figures in Italics represent conventional units.
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Parameter Loxodonta Elephas
Glucose (mmoll/l) 4.72(4.72) 4.83 (4.77)
(mg/dI) 85 (85) 87 (86)
Blood urea nitrogen (mmol/l) 3.21 (3.21) 4.28 (4.28)
(mg/dI) 9 (9) 12 (12)
I NBl GAYAYyS O0>Y2t 115 (115) 133 (133)
(mg/dl) 1.3(1.3) 1.5(1.5)
Uricacido >Y2f kf 0 11.9 (5.9) 11.9 (11.9)
(mg/dl) 0.2 (0.1) 0.2 (0.2)
Calcium (mmol/l) 2.73 (2.70) 2.65 (2.63)
(mg/dl) 10.9 (10.8) 10.6 (10.5)
Phosphorus (mmol/l) 1.58 (1.55) 1.55 (1.52)
(mg/dI) 4.9 (4.8) 4.8 (4.7)
Sodium (mmol/l = mEqg/l) 129 (129) 131 (130)
Potassium (mmol/l = mEg/l) 4.8 (4.7) 4.6 (4.6)
Chloride (mmol/l = mEqg/I) 89 (89) 91 (91)
Total protein (g/l) 78 (78) 81 (82)
(g/dl) 7.8 (7.8) 8.1 (8.2)
Albumin (mmol/l) 0.466 (0.482) 0.482 (0.482)
(g/dI) 3.1(3.2) 3.2 (3.2)
Globulin (g/1) 46 (46) 48 (48)
(g/dl) 4.6 (4.6) 4.8 (4.8)
Fibrinogen (g/l) 2.64 (2.55) 3.89 (4.00)
(mg/dl) 264 (255) 389 (400)
Alkaline phosphatase (1U/l) 96 (88) 115 (101)
Lactate dehydrogenase (1U/l) 937 (984) 411 (336)
Aspartate aminotransferase (IU/l) 20 (18) 19 (18)
Alanine aminotransferase (1U/l) 8 (5) 9 (6)
Creatine kinase (1U/l) 223 (199) 177 (145)
Gammaglutamyltransferase (1U/l) 10 (10) 6 (6)
Amylasg1U/l) 1798 (1214) 2247 (1008)
Lipase (1U/l) 9 (6) 17 (23)
CATANMzOAY S ¢20l € 3.42 (3.42) 3.42 (3.42)
(mg/dl) 0.2 (0.2) 0.2 (0.2)
AT ANYzZOAY S 5ANBOI 1.71 (1.71) 1.71 (1.71)
(mg/dl) 0.1(0.1) 0.1(0.1)
AT ANYZOAY S LYRANE 1.71 (1.71) 1.71 (1.71)
(mg/dl) 0.1(0.1) 0.1(0.1)
Cholesterol (mmol/l) 1.87 (1.81) 1.09 (1.09)
(mg/dl) 72 (70) 42 (42)
Triglyceride (mmol/l) 0.678 (0.60) 0.57 (0.50)
(mg/dl) 60 (53) 50 (44)
Bicarbonate (mmol/l = mEg/l) 25.6 (26.0) 24.9 (25.0)
Magnesium (mg/dl) 2.23 (2.30) 2.17 (2.14)
LNRY o>Y2fkfou 14.3 (14.3) 11.3(11.1)
6 IkRfOL 80 (80) 63 (62)
Carbon dioxidémEq/1) 25.4 (25.5) 24.7 (25.0)
Progesterone (nmol/l) (ng/ml) 1.37 (0.95) 0.43 (0.30) 1.08 (0.80) 0.34 (0.25)
NB: the progesterone value much depends on the assay and analyzer used. Results from one type of analyzer cannot heittom
results from another type unless propmadibration has been performed. 1

Table 4Biochemistry blood values (International Ws)igiven as mean (mediafyy/iedner, 2015)Note that
figures in Italics represent conventional units
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Naturally living in warm climatic regions and dealing with a very low body surface to body mass ratio,

elephants need a sopliisated thermoregulation system. Although the individual variation is

enormous, a baseline body temperature of-86r c/ A& O2Y&aARSNBR y2N)¥I f

(Wiedner, 2015)Body temperature is measured by placing the thermometer in a freshly passed fecal

bolus. The center of the latter provides a more reliable value than rectal insertion WaGétiner,
2015) Although measurement of oral tempdtae by the use of infrared thermometers is widely
applied for monitoring purpose zoos(e.g. EEHV monitoring in calves), defining the correlation of

these values with body core temperature needs further research. In human medicine oral temperature
shows a wide variance and weak correlation with body core temperature, and thus represents no

recommendable approach for temperature measurem@viaizerolleet al, 2011) Thermoregulation

in elephants covers behavioral as well as physiological aspects. Behayvibeplhants show bathing
and mud bathing with subsequent sand dusting as well asng#ti the shade to keep cool. To warm
up they can be observed basking with the flankifaslargest body part directed towards the sun.
Physiologicallya diurnal pattern of body temperature has been reported in elephéiiisaharet al,,
HAanTT 2 Skt Y2 ThiS inechanism allows elephants to lower their core temperature
during cold nights and increaseli RdzNAy 3 K2id RI&ao awdthBzhgiyNEs
developed net of superficial blood vessgisovides a comprehensive surface area for heat dissipation
o8 O2y@S8S0iGAz2yd ¢KS f I (liaSindentidy regularGaflappingyandd S
demonstrateghe synergy of physiological and behavioral mechanisms in thermoregulation.
Elephantskin in the hindquarter and caudateral hind legs reaches a thickness of more than 3cm,
however,there are body regions (e.g. medial part of thi@anae) with a skin thickness similarttat

of humans(Shoshani, 1982)These vaations should be kept in mind when planning blood sampling
or parenteral application of drugs evaluating thempact of climatic factors (e.g. frost bite on pinnae).

LYRSLISYRSyYylG 2F AlG&a& G fsA<eisyiv® argan. HénseStheSindiof aturgdl i O &

behaviors related to skin care seemssurprising. If elephants have the opportunity to do so, they

al

may show extensive water and mud bathing, sand dusting, rubbing and scratching behavior of every

body part. Besides skin care functions, théshaviors are part of thermoregulatipas mentioned
above.

Apart from the continuously growing tusksith agrowth rate of around 18cm per year according to
(Wiedner, 2015)elephants show a uniquadental functioncalled molar progression. In the course of
the latter, molars show a stepwise horizontal shift towards the oral opening with the -down
lamelke falling out piecewisd={g. 3. This process results in varying size of the grinding surface which
might impact chewing efficiendgchiffmanret al, 201%). The dental formula of elephantslid/0 C

0/0 m 3/3 M 3/3 (I: permanent incisor, C: permanent canine, m: deciduous molar, M: permanent
molar, maxillary/mandiblar). In the African elephanthe presence of a deciduous tusk has been
reported but this structure is reabsorbed without eruption asdonsidered to provide orientation for

the permanent tuskRaubenheimeet al., 1995)

A) B)

10
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years of age

Figure 2A) Schematic drawing of molar progression with indication of age stages in an African elephant

(Loxodonta africanpand position of molars in the skull of &sian elephantElephas maximyss | %I

B)View of the oral cavity of an African elephahbxodonta africanp The arrow indicates the junction between

Gg2 Y2f{FNE® {2YS tLYSttrS 2F (KS @ @idd Schifnaand 2y S KI @8

A further unique characteristic of elephants is thecadled pharyngeal pouch. This pouch is located
ventrally in front of the epiglottis and allowhé storage of some water (Fig). Elephants may
withdraw water from this pouch when it is scarce and use it to spray themselves

Figure 3lllustration depicting the location of the pharyngeal pouch and how it is hypothesized to be
filled during drinking (taken frorBhoshan{1998).

Ly O2ydGNI ad G2 23G§KSNI YI Sarénbt separdfed kos 3hE tharaik Ball Byt S LIK |-y
a pleural space. The latter is physiologically filled with connective tissue in elephants, which means
that the lungs arefirmly connected to the chest wall and its movements. Hence, chest wall movement

11
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should always be allowed in elephants during sedation/anesthesia and restricting positions (e.g.
sternal) need to be prevented. This peculiarity can be explained by the emsrforces on the lurg
during swimming and diving boufg/est, 2002)Without the more rigid connection between the Iung

and the thorax, elephants might not be able to breathe when under the water su(fdest, 2002)
Before its description, this unique anatomical featurellb@en a source of confusion for petlogists.

As is the case iother species belonging to the superord&ifrotheria the liver of elephants produces

a fluid composed mainly out of bile alcohols. This is in contrast to most other mammals where bile
acids account for the major part of bi{elageyet al, 2010) With respect to several reports on the
occurrence of galltenes in elephants, it can be speculated whether bile composition presents a
predisposing factor for this pathologggnewet al., 2005;Decker& Krohn, 1973; Jarofke, 2007; Pagan

et al, 1999) A gall bladder is absent in the African as well as the Asian elefitedas 1929; Mariappa,
1986)

Details on the digestive physiologf/an elephant are given in the chapt2 Feeding

While standing the limbs of an elephant look columnar and for quite a long time this was considered

to explain why elephants are not able to rand jump. More recent researchasdemonstrated a

rather lage mobility particularlyin the distal joint§Renet al., 2008)(Fig. 4. Although the high speed
Y2UA2Yy Ay StSLKIyGa Aa tFO01Ay3 +ty FSNRFE LKIF&S |
reach maximum speeds of around 25 kn(eninet al,, 2010; Hutchinsoet al., 2003)
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Figure 4Al‘thc'>Ugh~eIéphariﬂ'[—‘I’eigs‘ look quité‘c'orlu'mnar when standing (A), in parti-cdlue'l?the distal joint
show a rather large range of motion (B).Christian Schiffmann

Having the largest brain all terrestrial mammals (Fig),5elephants show an excellent retentiveness.
The latter is pronounced in loAgrm, extensive spatialtemporal and social memorgHart et al.,
2008)
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Figure 5The relative size, shape and surface structure of the brain in humans and elephants (take
Hartet al. (2008).

Elephants possess a sophisticated cognitive system which presents the basis fespéaties
communication. Details on these capabilitiare given ichapter 1.8 Behaviair.

1.4 LONGEVITY

It is generally accepted that life expectarafyelephantsn the wild is from 4670 yeardNowak, 1991;
Kingdon, 1997)A recent analysis of figale African elephant longevity and reproduction rates in
Amboseli, Kenyaonductedover a 40 year period found mean lagty to be 34 years (median 37,
years) with 95% of females dying by 65 years éted¢ 2016) while previous studies had found medi
longevity of wild females to be 56 years for African elephants (also Aefib€lubket al., 2008) and
417 years for Asian elephants in the logging industry (Myanma Timber Enterprise eCalb2008).

Earlierresearch has demonstrated thatveragelife expectancyof zoo elephantsis similar to this
(Wiese & Willis 2004). In Asian elephants living in European anasverage life expectancy of 47,6
years has been calculated while estimates for African elephants are less robust due tad€¥gidse

& Willis 2004) A more recent analysis of losigrm data on Asian elephants within théEAExsitu
Programme foundhverage lifeexpectancy to increase to 26 years for males angefs for females

with the oldestliving individuds in the EEPucrently being60 years (male) and 6gears (female)
(Schmidt & Kappelhof2019. However, these results are skewed by the mortality of both Asian
elephant males and females in first years of their life i.e. by data that are not always available for wild
populations.
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HELD DATA

1.5 GONSERVATION STATESOGEOGRAPHYCOLOGY

Population, Habitat and Distribution

For detailed updates on the population status and distribution of elephant spquiEsserefer to the
species assessment reports compiled byIth€N Red Lidhitps://www.iucnredlist.org/ ). Summaries
of current data and other relevant references are provided below.

Elephas

Recent estimates suggesitat the free-ranging elephant population currently nubers between

30,000 and 50,000. They are found across 13 countries, although nearly 60% of the population are
found in IndialChoudhunet al., 2008)

Wild Asian elephant populations are extremely fragmented andfacing a dramatic decline in

numbers due to reduction and fragmentation of their forest habitat and the pressure from human

LJ2 LJdzf F A2y INRGSGOGKY HmE: 2F GKS $2NI RQa Kdzyly LJ2 Lld:
range(CoP17 CITES: Monitoring the lllegal Killingegtants (MIKE)2017) The species is listed as
endangeredn the IUCN Red List.

Asianelephants are a generalist species found in a wide range of habitats including grasslands,
evergreen forest, deciduous forest, scrubland and cultivated ar8asilarly they are found at a range

of altitudes from sea level to 3000m, although examples of beyond this range are K@dhwadhury

et al., 2008) Figure 6 shows the current distribution.
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1UCN (International Union for
Conservation of Nature,

Extant (resident) )
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Figure 6 Current distribution of the Asian elepha(@houdhuryet al., 2008)
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Loxodonta

The IUCN African Elephant Specialist Group produced a status report in 2016 with numbers acquired,
where possible, from each African range country reporting a continental decline in numbers of African
elephants. The authors estimated that the total popidatoffree-rangingAfrican eéphants currently

stands at 415428 animals in areas surveyed, but the actual number across the full range is expected
to be higher(Blancet al., 2016) Fig. Bhows the present distribution. The species is listedudserable

on the IUCN Red List.

The two currently accepted species of African elephants are the savahnafri€ana and forest I.
cyclotig elephants. The savannah elephant resides on the savannah and grassy [Hagisaotl South
Africa, whilst forest elephants inhabit forested regiongehtral andWestern Africa.
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Figure 7Distribution ofthe African elephant¢Blanc, 2008)
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Consevation and Protection

At the time of writing, the Asian elephant is categsed on the IUCN Red Listeslangereddue to
population reduction resulting from habitat loss, fragmentation and human population pressures. The
African elephant is listed asllnerableon the IUCN Red Li@lanc, 2008)The most critical problems
facing African elephant conservation are lack of financial resources for conservation management and
growing human populations. Expsion of agricultural activitiescausesincreasel degradation and
destruction of elephant habitat. This is most evident in West Africa which has the most fragmented
elephant ranges. Over 40% of elephant range is in central Africa but only 10% of the area is protected.
This regions forest habitat andupports the main population df.cyclotis.

In 1989, the African elephant was listed as Appendix | on CITES which effectively placed a complete
ban on the international trade in ivory and ivory products. Howeired,997the species was down

listed to Appendix 1] but only in some Southern African countries. This waand is somewhat
controversialSharp, 1997and currentlythe African elephant is listed as CITES Apperelieept for
Botswana, Namibia, Southfrisa and Zimbabwe where it is Appendix Il with certain restrictions
including quotas and permit controls.

Elephant poaching and illegal wildlife trade

CITES has two monitoring systems for elephant trade: MIKE (Monitoring lllegal Killing of Elephants)
whichis the approved instrument for tracking the situation across Africa and &sbETIS (Elephant
Trade Information Systemwhichis the designated system to monitor illegal trade in ivory and
elephant products. ETIS was designed by TRAF&IGn-governmental organisation working on
wildlife trade in the context of both biodiversity conservation and sustainable developifsest
www.traffic.org).

The ivory trade is one of the major causes of decline in elefppapulations. Ivory has been a valued
materialfrom time immemorial and humans have been making and trading in ivory artefacts for some
10,000 years. Poaching for ivory is a problem for both African and Asian elephifimisigh it is
probably greaterdr the African elephantasfemales also have tusks. It was estimated that in the early
2010s around 30,000 African elephants were poached illegally each year for their tusk fodised
demand in Asia (with 75%6 the marketbeing Chinese tourists in HgiiKong, Vietnam and LagSave

the Elephants, 2017 his led to a pledge by China and the US to end domestic trade in ha@r¥5n
(TRAFFIC, 201%) 27, the domestic ivory trade wédmnned in China. The US introduced a near total
ban, and Hong Kong, which is one of the largest city maf&etgory, announced a timetable to close

its domestic markefollowed bya bill to ban ivory trade by 2021n the UK, The Ivory Act 20M8hich

bans trade except in very few situatiqiis expected to come into force @arly 202QUK Government,
2018). The Ivory Alliance, a coalition of political leaders, conservationists and celebrities dedicated to
tackling illegal ivory trade, was also established in October 2018.

Culling (including through illegal poaching or through trophy hunting) can &aignificant effect on

social organisation and behaviour. Animals with larger tusks are often selected/firsh in the past

has resulted in a depletion of males and a drop in fecundity of fem@ebson & Poole, 1998)
Additionally, in heavily poached populations, small family units have been seen comprising of
abnormally high numbers of calves of similar ages and calves from heavily poached populations join
unrelated femalegNyakaanaet al., 2002) both of which may impact on normal social behaviour.
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Asian and African elephants are both listed on AppehdbCITES. As per Article Illfeg Convention
Appendix| listed species can oribe imported under strict conditions to ensure that such an import is
not detrimental to the survival of the speciethat the proposed recipient of a living specimen is
suitably equipped to house and carer fit, and that the specimen is not to be used for primarily
commercial purposes.

In exception to the above, théfrican elephant populations of Zimbabwe, Botswana, Namibia and
South Africaare listed on Apendix Il, with the followingannotations;for the exclusive purpose of
allowing trade in live animals to appropriate and acceptable destinations for Botswana and Zimbabwe
and for in situ conservation programmes for Namibia and South Abiga to the AppndixIl listings

of these populationgless strit conditions for importation apply from these populations. In light of
concerns over the trade in African elephants from these populations, in particular Zimbabwe, moving
to zoos in Asia, mostly China, that are thus not subject to the stricter rulesiagpty Apendix |
species and populationthe CITES Parties approved a number of changes to CITES Resolution 11.20.
The most important change is related to the interpretation of what are considered &ppeopriate

and acceptable destinatiorisr receiving African elephants from theses &pdixIl listedpopulations

which are defined ashavingin situ conservatioprogrammesor secure areas in the wild within the

& LIS OA S aand hstoricazhpein Africa There are only very limited esgtions with strict
provisions which only apply in exceptional circumstances. For more details please refer to
www.cites.org

In April 2017, the Asian Elephant Rar8jate Meeting took place (facilitated by the IUCBGAsian

Elephant Specialist Growgmd financially supported bgeveralEAZA ZoowcludingZurich, Antwerp,

Emmen, Amsterdam and Rotterdaamd was attended by representatives frarmnge countriesof

Asian elephants. This resulted in the signing of thardalDeclaration for Asian Elephant Conservation

with the aim to protect and conserve Asian elephaafEne Jakarta Declaration for Asian Elephant

I 2y aSNBIF GA2y WIQnk NiltHe XjoaliofeR athatSvihileefephant conservatiolis

primarily a national responsibility, there is an urgent need to synergize national actions with
international cooperation amongst the Range States for the tengn conservation of Asian
Elephants. The reversal of the crisis facing Asian Elephantdit®adlly dependent upon political,

financiall YR G SOKY A OF f &dzLJLJ2 NIi T NEhwJakiarta HeclargtionrS2047). G A 2 y I §

SQustainable use of elephant populations

Some countrieshave arguad for a sustainablgcontrolled trade in elephant yducts (i.e. using
elephants at a rate within their capacity for renewdiichshould not cause population level decline).
Several African countries have protested against CITES ivory bans, arguing it should be possible to sell
ivory legally through sporaind trophy huntingin order to put financial revenue back tm local
communities and conservation through communal resource manage(@mtles, 1996; Kock, 18P

In 2013, the Collaborative Partnership on Sustainable Wildlife Management (CPW) was established and
is made up of 14 international organisations, which promotes conservation and increased cooperation
and coordination (for full details se€ePW.
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However, for sustainable utilisation to work, strict control measures must be enforced. In 2015, The
Global Environment Facility launched a global partnership programme for wildlife conservation. This
programme works with governments of participating catgs to strengthen opportunities for local
O2YYdzyAlGlASa (2 o0SYySTAG FNRY aKSIfliKeé¢ gAftREATFS |
for (il)legal wildlife products (full report availab@lobal Partnership on Wildlife Conservation and

Crime Prevention for Sustainable Developmént

Humanelephant conflict

Definitions of the term varyinskip &immermann, 2009%ut a broad definition of humaelephant

O2y ¥t A00 061 9-tleéphait interdctioyf hiclk rézvlts yi negative effects on human social,
SO2y2YAO 2NJ Odzf GdzNF¥ £ f AFSSE 2y SPSkek blyXAi07)02y & SN
HEC is a major intercontinental conservation prob(étoare, 200Q)Both African and Asian elephants

are involved in HEC which occurs across much of their igiggare, 2000; Sitati & Walpole, 20G6)d

conflicts seem to be increasinilaughtonet al, 1999) Increasing human population, expanding
agriculture, war and political instability are the main causes of direct conflicts as humans and elephants
compete for landKushwaha & Hazarika, 2004; Par&eal., 2007)

Conflicts betweerelephants and peoplean result in crop and property damage, economic losses,
human injuries and fatalities, retaliatory killing of elephants and more indirect impacts such as stress,
impaired freedom of movement and knocdk effects in terms of healthcaror education(Hoare,

2000; Dublin & Hoare, 2004; Parker al., 2007) Consequentlyin many areas HEC is a serious local
political issue(Hoare, 200Q) often undermining regional conservation and welfare inivies
(Naughtonet al., 1999) Researchers are attempting to predict HEC hotsotenet al., 2016)and

look at occurring trendéPozoet al., 2017)

Some of the rain methods currently being utilised to manage HEC are listed below.

Elephantfocused methods:

Physical barriers, elephant deterrents, aversivehavioural conditioning, habitat management,

elephant population management and removal of individual conflict anirfidigwuset al., 2000;

hQ/ 2yyStt> wnnnT { A letal, 200 Hoare,2OlB t S wnncT tF NJ SN
Humanfocused methods:

Education and awareness, land use planning, compensation schemesatterlivelihoods,and

community wildlife benefit§Tchamba, 1996; Jakingh & Williams, 1999; Nyhasal,, 2000; Zhang &

Wang, 2003; Parket al., 2007 Fernandcet al., 2008; Bandar& Tisdel) 2005; Dickman, 2010; Olsson,

2014)

Z0o0 insitu conservation support

Many EAZA zoos holding elephants are directly contributinign 8tu conservation projects. For a list
of past and current projects, see Elephadnitsitu conservation projects supported by EAZA zoos
available orElephant TAGharePoint
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1.6 DIET AND FEEDING BEM2UR

Both elephant species are herbivores and consume a wide variety of plant material including grasses,
leaves, twigs, fruits, barks, herbaceous material and @Gabigumila, 1993; Sukumar, 199
thorough review of diet breakdown, feeding behaviour, seasonal variation and summary data on broad
nutrient ranges in natural diets for African elephantokondonta &icana) is covered irbachet al.

(2019) Variance between species does occur, with Asian elephants consumiater gmoportion of
grasses in the diet when availatffeerlinget al., 1999; Sukumar, 1990)

Although described as generalist herbivores, consuming over 400 species of plants, it appears
populations may vary regionally and seasonally in their plant choice. However, it is clear that elephants
are predominantly seasonal grazers and browsers witlit, flarks and soil being consumed as
secondary food choicg&abigumila, 1993)The natural diet is characterised by a high fibre content
(crude fibre 3660%) and a lowo-moderate protein content (crude protein-82%). Studies have
demonstrated that passage addd through the elephant@igestive tract is rapid compared to other
monogastric hindgut digesters such as horses. Total gut transit time4§ hburs(Baxet al., 1963;
Hackenberger, 1987; Loehlahal., 2003; Rees, 1982and they have a correspondingly low digestive
efficiency(Clausst al., 2003; Hatt & Clauss, 2006lausst al., 2004). In summary, elephants are
designed to eat large quantities of nutrient poor fibrous material which passes quickly through the
gastrointestinal tract.

The body weight ranges overlap, howeugsian elephnts Elephas maximygsend to be lighter than
African elephantsL(oxodonta africana The weight range of wild adult Asian elephants is 2000
kg comparedo a range of 2,70®,000 kg for adult African elephanfg/ittemyer, 2011) Individual
body weights are influenced by age, sex, health, food availabilityeatdrding to recent findingby
the molar state(Schiffmanret al., 201%). Estimates of daily dry matter intake for an aduépiant
are typically around -1L,5% of body mas@lireyet al., 1997) however intakes vary according to the
nutritional quality of the feed as well as environmental cdiughis, activity level, reproductive status
and growth stage. These physiological factors influence energy reqgis and therefore diet must
be adjusted to meet energy needs in a captive setting.

Due to the limited research on vitamin and mineral requirements, animal nutritionists use domestic
species as a model to make recommendations for captive exotic animalslephants, the National
Research Council recommendations for the domestic horse are often(G$aals<t al., 200D; Hatt

& Clauss, 2006Although using the domestic equid as a model has limitations, it is an extremély use
guide (Sachet al, 2019) Elephants have a single stomach and a short but voluminous hindgut
fermentation chamber (similar to equids), inhabited by anaerobic bacteria and pro&intkar to
those found in the rumen and reticulum afuminant. These micrerganisms digest plant fibre that
otherwise could not be used since elephants, like other herbivores, have nedfipesting enzymes

of their own (llmbergeret al., 2014) Microbial fermentatiorof plant fibre in the hindgut provides the
main energy source for these animals. They are adapted to eat complei fiflees and thus in
captivity, high fibre components must contribute a very significant part of their diet.
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1.7 REPRODUCTION

Birth and development of young

As femals of both species of elephantgive birth within the family groupnext to physical
development social development is of utmost importance from the very beginmiragderto lead to
successful breeding at a later stag&e cowcalf bond is strong. It is thought that alliances of females
in families may enhance calf survivorskiijge, 1987and these alliances may be perpetuated by the
long term relationship®etween allomothers and calves.

In Amboseli, Kenyawb birthshave been describe(Moss, 1988)one to a primiparous female and
the other to an olderexperienced female. The visible onset of bigltharacterized bthe appearance

of a bulge below the tailwhichis the presence of thecalf and/or sac in the birth canado the dam
mayhave beenrn labour (hours) prior to this. Birtisthen described to proceedapidly. In the case of
the primiparous femalethe damwas agitated during the process and frequently scraped the ground
with her forefeet. Other females maactto help remove the amniotic sac. Infants améially unsteady

on their feet, takingabout 40 min to stand properlylhe mother and other females use their forefeet
and trunks to help infants stand; this unsteadiness remains for several wEe&saverag weight at
birth in African elephantand Asian elephantsan be found in Table 5

African elephant Asian clephant
Variable Male Female Male Female
Birth weight (kg) 112.043.5(27) 95.142.5 (30) 117.84+3.5(49) 118.14+3.1 (44)
Birth height (cm) 93.442.1 (16) 86.8+1.1 (18) 95.94+1.2 (19) 91.941.3 (23)
Geslation (days) 634.542.1 (10) 6452430 (11) 660.6+5.8 (16) 654.04+4.3(12)

The number of animals contributing to each mean is shown in parentheses (V). Each mean
score 1s accompanied by the standard error of the mean [+SEM].

Table 5Mean calf birth weight/ height and gestation period for Asian and African elephants (from Dale, 2010)

LyTryda Ydzad f20FGS ( KifbrelegSunaidad addsnce IScatgtthey Wil Y 2 (i K S
sucke several times an hour for two to three minutes at a tinfide calf sucks and drinks using the

mouth and must learn how to use the trunk to feed and manipulate objédisygradually learn to

use the trunk to collect food but are about four months old before they can eat a significant amount

of solid food It is normal toalsoingestsmall quantities oflung fromolder animalsn order toacquire

the necessary microbes to agtigestion(Lee, 1991

Calves can be weaned at two years of age but usually suckle for four years or more. A femdileimay a
an older calf to sudk& at the same time as an infafDouglasHamilton & Douglagiamilton, 1975put

in Amboseliin two cases where an older sibling continuedtkle, the younger calf died. The survival
rate of twins was also low iAmboseli(Lee, 1987)Cases of allosuckling have been observed but are
very rare.

A study d growth curves in African elephants showted typical sexual dimorphism in both foot length
and shoulder height, with males growing more rapidly than females from birth onwards (Lee & Moss,
1995).
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Adolescence in elephants

Adolescence is the time betweameaning and puberty. In elephants usually covers an age from 5
to 10 years and is one of the most important stages ofitifevhich yung animals gather athe
experience thewill need to be able to survive and reproduce. Adolescence differs betferale
and male elephants. Whilst young cows stay in their natal group and acquire skiibyasttersand
develop all maternal instincts, young bulisreasingy distance hemselves frontheir family.

However, nale calves must experience themplex social structuref the elephant herd anthis must
occur before sexual maturity is reached and they leave their natal ieaihger bullgup to 15 years
of age) maystay in the vigaiity of the family unitsput older bulls tend to be more sadity and form
bachelor groups, which are often unstablEhese groups vary sizeand age structureand enable
them to become socially competent and sexually mature.

During adolescence the primary gender characterisbiefgthe ovaries in females and ¢htestes in
males, are growing along with general body development. Typicasenific changeis the body,or
secondary gender characteristics, only occur with the onset of hormonalitgatiuring puberty.
Tertiary gender characteristics, such as-ggacific postures antiehavior develop individually during
later stages of life. Adolescence ends with the final graavttireaching puberty.

Puberty in elephants

Puberty is defined as the age when the gonads have reached full funictitamales, his isindicated

by follicle growth and first ovulation in the ovarjemdin malesthe production of viable sperm in the
testes. Onset of reproductivability is hormonally mediated and triggered by a number of factass
shown inFigure 8 Apart from age, ige, weight, body condition and health of an elephatifferent
external factoranayhave an effect omthe onset of puberty. Food availability and season are the most
important in thewild, whereas in captivitystress leved have a higher impact becaussephants are
more restricted in space and unable to escape from difficult situations. Olfactonystic, visual and
tactile stimuli also contribute to kicktart the hormonal cascade controlling reproductive physiology.

Given good health and bodyondition of an animal, the hypothalamus is eventually responsive to
these factors and starts to secrete gonadotropigleasing lermones (GnRH) which induce the
pituitary glandto produce gonadotropins, follicle stimulating hormone (F8kginizinghormone (LH)

and lactotropic hormone (LTH or@lactin). Whilst FSH and LH act on ovaries and testes, LTH directly
affectsmammary glandievelopment. Under the action of gonadotropins, namely FSH, follicle growth
starts in the ovarieswhich are the source ofstrogens during the follicle phase of the ovarian cycle.
After induction of ovulation by LH, the former follicle cavity turns into a corpus luteum which produces
progesterone. Progesterone is secreted throughout the luteal phase of thearydtiiring pregnancy.

In males FSH acts on the testes and induces spermatogenesis in the Sertoli cells, whiistulates

the Leydig cells to produce testosterone.
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Figure 8 Factors affecting onset of hormonal action at puberty

Both sexeof Asian and African elephants generally reach puberty betwgamd 12years of age.
Duringthis time, the complicated system of hormonal control of reproduction is working, yet animals
may not be able to reproduce. In the wilthis is mainly due t@ocialregulation Young females are
protected by their herd and it has been observed that mothers actively participate in the choice of
whether or notmating is to occyrand if so, which bull may be allowed to mate them (Moss, 1988).
Females need to learn abbihe mating procedure and mudte physically abléo withstand a
gestation periof nearly 2 years. Hence breeding is dependemlaysicatondition and rarely occurs
before the age of 10 years in the wild. Males need to learn to be able to detecsastfamales and
perform thenecessarnpehavioralrepertoire toshowdominanceand make them @itable for mating.
They must alsbe able tomate-guard the estrus cow until the fertile period is over and, at the same
time, compete with other bulls that arseeking for breeding opportunities. Young Asian elephant
males experience their first musth withl4 ¢ 18 years of age (Eisenberg, 1980), whereas young African
elephant bulls have not been seen in musth below an age of 20 and rarely get an opportunéteto
until they areat least25 years old (Poole, 198p

It is important to note that environmental conditions can alter the age of puberty in both species. If
African elephants are living under comparable conditions, population density is directlg tmkiee
age at which young females give birth for the first time. In populations with high depsiberty is
shifted to a later age. Laws (196fbund that in the Mkomazi Reserve in Tanzanigh an elephant
density of only 2 animals per square mflemales reached puberty with 12 years of agevhereas in

the Budongo Reserve in Ugamevith an elephant density of 3,animals per square milpuberty was
delayed to 22 years of age. At the same tinfes effect might be compensatedr in areas withhigh
food availabilityDouglasHamilton & DouglagHamilton(1975) reported in Lake Manyara, Kengaen
with an elephant density afp to 14 animals per square mjlthere wasstill anonset of puberty at1l
yearsof age Moss (1988) therefore concludeldat elephants are able to respond to environmental
changes in a highly flexible manner. In Amboseli NatiBsudl, Kenya, where elephants live at a density
of only 3 animals per square milglossobserved that young cows, usually sexually mature with 12
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years, shiftedhe onsetpuberty by 2 yearsafter aperiod ofheavy drought to an age of B¥15 years
of age

Sexual maturity and gestation

Elephants haveraextendedifespan andtherefore reach sexual maturity latén life ascompared to
most mammalian species.r@ study reveadd that in female African elephants the mean knowgea
at first reproduction was 18.yearsin the wild (Leeet al., 2016). Another study on Myanmar timber
elephants demonstrated th&emales showed low fecundiipitially following sexual maturitywith a
rapid increaseand peak at agef 19 (Haywarckt al., 2014). Note that animals under human caaamc
reproduce earlier than the average age for the given species.

Femalesusuallyproduce their first calipproximatelytwo to three years after their first ovulation.
Gestation is 222 months after which a single calf is b@Estes, 2012)There is a low rate of twinning,
around 2%DouglasHamilton & Douglasiamilton, 1975)Elephants caaxceptionallyproduce calves

up to an advancege classeqe.g. 65 years recorded for African elephants in Amboseli) but show
significant reproductive ddines in older age (e.g. 40 years for Amboseli African elephfrds)
19914, Leet al, 2016) Calving intervals rangeom three to nine years, with an average of four years
(Lee, 19913)although there is variation between regioftéurt, 1974; Moss, 1983; Sukumar, 1993)

Wild bulls mature between 124 years of age, which wlitliseem tocorrespond tahe female timing.
However, a study regarding wild African elephants demonstrated that males were not allatéo
successfully with oestrus females until about they were 25 years old; the majority of calves were sired
by in-musthmales in the oldest age groups (Poole, 1989

Seasonality

The breeding season of elephants is not easily defined, and months of conception vary from year to
year. Elephants are not physiologically forced to breed seasonally, but some evidence of Egasona
has been recorded. For example, conception has been linked to wet periods in som¢uagks
Hamilton & DouglasHamilton, 1975)but was not observed in othe(dlowak, 1991; Sukumar, 1993;
Eisenberg & Lockhart, 2011; McKay, 20H9wever higher quality foa usually available after rains,
result in improved body condition and increase the likelihood of ovulation occujices, P91a)and

it is likely that periods of nutritional stress decreases the likelihood of cows ovulating. This may help
explain the phenomenon that some years appear to have resulted in a very low number of conceptions
(Sukumar, 1993A recent review of breeding seasonality in Africad &sian elephants reports them

02 O0SRIGE 2y HBSRSNEE gA 0K dzy REWMEhSet 1, 22018IKH20ider 1S NA 2 RA
encourage natural conception these findings can be of practical relevance.

Musth

Both Asian and African male elephants exhibit a condition known as musth. When in musth, males
have elevated levels of testosterof€ooperet al., 1990) aggression and reproductive activi§oole

& Moss, 1981; Dickermaet al., 1997 Pooleet al., 2004 Pooleet al., 1984; Niemuller & Liptrap, 1991

The discharge of fluid from the temporal gland increases and is continuous (in Asian eleghants);
penis develops a greenish colouration and dribhlgre; they also vocalise frequently a particular
manner (musth rumble)lt has been shown that nes emit volatile compounds from the temporal
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gland and within their urine which may inform other bulls and cows of their condiRasmussest

al., 1990; Rasmussen, 1997)

There are many questions as to the function of my$tlingate & Lasley, 2004hd a suggestion that

it may be a relatively recent phenomenon in tA&ican speciegRasmusseat al,, 1990) It is proven

that the small number of older bulls in the competitive state of musth are the most successful sires;
however, noamusth males sired 20% of genotypedvess, and 60% of mature bulls (>20 years old)
were estimated to have sired offspring during ayéar study period in wild African elephants
(Rasmusseant al., 2008). In Ambosegkery few males under 24 years of age have been seen in musth
and bouts of muth among individuals of the 2385 age group are short and sporadic, while older males
have longer bouts sometimes lasting several moiiBwole, B89b) This work has also shown that the
number of males in musth correlates closely with the number of oestrus females and is highest during
the rainy season, when fenes are more likely to ovulat&oth Asian and African bulls settle into a
regular gcle of musth with increasing age.

Apart from the interesting dynamics of musth and amoisth males in the similar area, it must be
concluded that in a captive situation, there is no relation between whether a bull can sire offspring
and having elicited gns of musth.
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1.8 BEHAVIOUR

Of the terrestrial animal specieslephants have the greatest volume of cerebral cortex available for
cognitive processin{Hartet al., 2001) This exceeds that of any primate species and allows this long
lived species to develop many skiltsolvinglearning andnemory,including storingnformation on
conspecifics iad the environment it inhabits.

Activity

Elephants spendbout 16 hours a day feedinghey sleep for four or five hours within a gériod,
sometimes lying dowrilherefore, although primarily diurnal, they are active in the hours of darkness.
Elephams perform remarkable movements and postures; they can roll, kneel, squat, sit on their
haunches and climb up very steep slogEstes, 2012)However, they cannot run or jump but only
walk at varying speeds.

Social aganisation

The most basic elephant social unit is a mothaed her offspring. A family unit is a group of related
females, consisting of a mother and youimgcluding her own mature daughters and offspriihoss

& Poole, 1983)The matriarch, who will be the oldest, largest and possibly even-nepsoductive
female, sets the activity, direction and rate of movement of the herd. The leadership and experience
of the matriarch is thoght to be of great importance and it has been suggested that there may be
higher per capita reproductive success in groups led by older ferfidt=Sombet al., 2001)

In Manyara, Tanzanishe average size of a family unit was a0¢these units group together to form

f I NBSN) {AYyaKALI 2NJ Wo2yRQ 3INRdzZLASE 6KAOK Yle Oz2ya
elephants increasebeyond a critical number (which depends on several factors), a new matriarchy

(family unit) splits off but will remain as part of the same kinship or bond group. These kinship groups
LINEOIFofe& F2N¥ LI NI 27F | 1 NBSWuld exglah Odsdrnvatiors yf> 2 F( ¢
gatherings of up to 100 animals or mqigtringham, 1982)

The current suggestion for elephant social organisation therdfar@desa core group of a family unit
andthese unitsare further associatedogetherin bond grogws.Bond groups are probably comprised
of closelyrelated individuals resulting from thesBionfusion of family groupsBond groups come
together in clans, which combine to form spbpulations and ten the population of an area.
Although most detailed work on social organisation is from studies ofaifrelephants, clans have
also been identified in Asian elephar{Sukumar, 1993and their families do also split and come
together (McKay, 2011)

A study in Sri Lanka found bond groups ob82animalswhich split into family groups comprised of
between one and four reproducing femal@gseineet al., 2001) Other data gathered in Sri Lanka shows

a splitting of groups of females with young infants (a nursing unit) from groups with juveniles (a juvenile
care unit)(McKay, 2011 This appears to be due to females with infants at heel associated more with
other, similar femaledut between these groups there &ill a degree of flexibility and interchange of
individuals(Kurt, 1974; McKay, 2011)
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Smaller group sizes were found in the rain forest of Malaya and Suidtiiagham, 1982Fantiapillai

& Supahman995)found group sizes of-8 animals in the forests of Way Kambas in Sumatra but
larger aggregations of up to 45 animals were foumdiieas of grasslaneyith smaller groupseing

more common in the dry season. In general, herd sizes differ between populations, seasons, and
habitat types, e.g. desert elephants disperse over large areas in relatively small groups and probably
rely oninfrasound to communicate between groufisee, 1991h)

The most detailed study of relatedness between animals in wild Aéggmants was carried out using
mitochondrial DNA studies frorthe dung of animals in Sri Lanka, as well as direct observations
(Fernando &Lande, 2000)Four groups were observed in detail, rangingie from7 to 19 animals.
Solitary ranging females werobservedand there was a overalllower level of association between
group members compared with African savannah elephafte genetic analysis showed that all
individuals within a social group shared the same mtDNA haplotype and that they all must have
descended from a sgie female in the recent pasGroups with overlapping ranges maintained their
maternal genetic identity, suggsting that females doot transfer between groups.

Less is known of the social organisation of African forest elephants, but gmus shuch smaller,
averaging 2o 4 individuals. Groups seem to consist of single mother family (hitskalo & Fay,
1995) with older males being solitary. dppears, from evidence to date, that elephants living in forest
and woodland habitats may tend to split into smaller units more frequently than those in savannah
and have les direct intergroup contact.

The home range of a cow herd is much larger tth@narea used by a maland cow herds will pass
through the home ranges of several different males, although data from Sri Lanka suggest that family
groups with young calves may have smaller home ragi§eg, 1974; McKay, 2011)

Sexual behaviour

Female Asian elephants show an oestrus cycle length-t6Mleeks and African female§14 weeks
(Oerkeet al, 2000) This is a relatively long oestrus cycle with a bméekeptive period oR-7 days
(Rasmussen & Schulte, 1998) considerable amount of research has taken place to obtain detailed
AYF2NXYIEGAZ2Y 2y (GKS St SLKIFYyG 2 gPiotdtsl, 2008)and this a A y OS
is reviewed irHodges (1998)

Female elephants adverégorthcoming ovulation to males by characteristic behaviour patterns which
include: oestrus walk (head held high, eyes wide open and tail may be raised), chase, mounting and
consort behavioutMoss, 1983)these patternsare shown for two to six dayAsian elephant females

also advertise a forthcoming ovulation by releasing7tdpdecenyl acetate in uraaduring the pre
ovulatory phase to signal to males their readiness to nfR@smussen & Schulte, 199Bpwever this
compound has not been found in African elephant feméRiddle & Rasmussen, 200Egmats also
produce a unique vocalisation when in oesti®ole, 1999W (i K S 2 S aThuN,deinaled lcanf Q @
communicate theireproductive state by olfactory, visual and auditory means.

26



EAZA Eleplm Best Practice Guidelines 2020

It has been shown that females can distinguish, by olfaction, between musth anchusth malesas

well asthe maturity of musth maleRasmusseat al,, 2002) and they are more responsive during the
follicular stage of the oestrus cyc{&chule & Rasmussen, 1999; Ganswimdtal, 2005) Oestrus
females enter consortship with a musth male who guards her from copulatory attempts from lower
ranking malesMales in musth rank aboveon-musth males in agonistic interactiomsd females
prefer older musth malegPoole, 1989a) In the Amboseli population, males did not compete
successfully for females until they were Y&ars or older and largemusth males over 3gears of age
were more frequently seen guardifigmalesmid-oestrus. Males may check the reproductive state of
females by putting the trunk tip to the vulval opening and then inserting it in the mouthglgghant
equivalent of flehmen.

Copulation is rapidwith the male mouning the female from the rear andboth mounting and
copulationtogether lastingon average 45 secondgstes, 2012)Females magmit a low-frequency
post-copulatory cal(Poole, 1989hb)

Communication

Elephants have a complex repertoire of communication, which includes touchindisungalfaction

and body posturesElephants are tactile animals; family members lean on each other agddntly
toucheachotherwith the trunk.In a greeting ceremony, the lower ranking animal inserts its trunk into
the mouth ofanother and trunks arelsoheld out © other animalsn greeting.The trunk is also the
olfactory organ, picking up chemicaignals from other elephantdMany postures are used in
communication e.g. spreading the ears and holding them forward is normally a threat and various
trunk movements may signify submissive behaviguangbauer, 2000¥he combination of posture,
vocalisations and olfactioprovide sophisticated means of communication.

Elephants produg calls in the larynand me vocalisations are in the infrasonic range, below human
hearing thresholdsThe infrasonic calls have fundamental frequencies ranging frorf@41kiz and
sound presure levels as high as 103dBw frequency sounds are subject to little environmental
attenuationandcan be audible to conspecifics several kilometres away, certainly as fa¥ lasiznd
perhaps further. Elephants make use of these calls for spatadlit@tion and in the search for mates
(Pooleet al., 1988; Langbauest al., 1991; Langbauer, 2000; Stoeger & Baotic62&hotic & Stoeger,
2017; Baotiet al.,, 2018)

Elephants have four main sounfsstes, 2012put a great variety of pitcland duration within each
one.Rumbling is the main form of distance communication and covers a broad range ofrices,
many infrasonicQuiet rumbes, audible to human ear are uttered as a herd feethere are known

to be over 27 different lodrequency rumblegPoole, P99) Elephants growl when greeting and their
voicesare individually recognisablén increase in volume becomes a roand is used tdhreaten
predators or manScreaming is used to intimidate opponents and is the adult equivalent of theiljaven
digress call, the squealrumpeting is the sound of excitement and is produced by blowing through
the nostrils hard enough to cause the trunk to resonat@ long high-amplitude squeakit is usually
combined with gowling and screaming@.rumpetingcanrange from an expression of alarmacry for
help to a greetingall
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The musth rumble is a rumbémitted only by males in musth and the oestrus call i@aresponding,
distinctive rumbleemitted by females in oestrusyith the latter being the same tlahat isemitted by

the female post-copulation (Poole, 1999) Males are attracted by the oestrus call of females and
likewise,females in oesusare attractedby the call of musth maleS$toeger & Baotic, 20}7

Recent researchn zoo conditions provided new insights into vocal communication and vocal learning
of infant African elephantsStoegerHorwathet al. ,2007; Stoege& Manger 2014).

Play

Play in young includes hedd-head sparringtrunk wrestling, mounting, charging and rolling. Calves
tend to play with otherssimilarin age and calves over six months of age may form {geyups
(Eisenberg & Lockhart, 2011)

Tool Use

Elephants exhibit tool usehich, n the wild can range from using graes sticksto rub or scratchthe
body (ChevalierSkolnkoff & Liska, 1993)There are also reports of elephants using branches as fly
switches(Hart & Hart, 1994and modifying an unsuitde branch so that it bemnesuseful(Hartet al.,
2001) Elephants have been observed to use tools in various contexisding inskin care, feeding
and drinking, threat andggression, rest and sleep, and social interactions. Types and vafiese
increases with age.
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SCTION: MANAGEMENT IXMOOS

All current holders arstrongly encourgedto meetthe followingstandards.

2.1 BNCLOSURE

Suitable enclosure design involves much more than simply consideration of size of Rpaearch
aK264a aOKIG GKS aATS 2F +y SEKAOAG LXl&a + asSoz2y

It is, however, important to consider space configi# y & ¢St | & etfaf, 2026NA y 3 ¢
The indoor and outdoor environmershouldbe complex, positively challenging to the animals and
mustcontain devices and structures which enrich the environment and encourage natural belsaviour
When designing a hew enclosure, collectiomsstconsult the EAZA Elephant TAG housing committee

~

for advice.

For new facilitieswith plans for abreeding group the following point isobligatory.

T

All zoos witha breeding herd must have 3 separafecilities with appropriate outdoor
paddocks The aim is to follow the fission/fusion nature of the exolving elephant group
e.g. longterm housing of breeding grousnd breeding bull with flexible spaces to hold young

males until age of dispersal (12€ontinual housing of bachelor groups if social issues develop

(capacity to appropriately separate animals) should bsgible

Minimum requirements for enclosuresare:

T

to be complexenoughto allow environmental choice and encourage exercisg. multple
options that engage enrichment categorigsch as choice afultiple substates, multilevel
feeders, multiple feeding stationgariedtopography (to stimulate exercise and provide visual
barriers), waterfeatures mud wallowsdust bathsandlongterm feeding.

to enablesocial choicei.e. no deaeends or areas where elephants could become trapped
largeenough spacefor animals to get away from conspecifiasd spaces witkisual barriers
betweenconspecifics andr public.

to have multiple esouceswhichshouldnot be socially limitinge.g.multiple areagproviding
shade, food andvater sothat all animalsdo nothave to crowd arouné single sourceThere
alsomustbe adequate resource provision, so animals are able to choose which to use.

to reflect local weather conditions.g. largey climate controlledindoor spacesvailable in
regionswhere winters are long and cold.

if possibleto enablefree choice of indoor/outdoor access over the-Bdur period throughout
most of the year exceph periods ofextremeweather (depending on the local climate). To
prolong the peiod of free overnight access duringlder monthswvhile preventngloss of heat
from indoors, heavy plastic/rubber curtains should be installed over entry dootBddouse.
Care should be taken in herds with snw@llves,as mothers may not always recognise when
calves are becoming cold and bring them indoors.

to ensure lkeeper health and safetyl' hismustbe built into enclosure desiginom the onset
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1 to have wernigh visual monitoring techniques such as CCTV monitoring to record social
relationships and behavioural patternsith regular review ofootage.

1 to facilitate best practise in terms dfusbandry (including Protectedb@tact management)
and veterinaryaccess.

Bulls require all the same housing resources as cows (e.g. bathing, topography, substrate, scratching,
shelter and visual barrierdn addition, bulls require the following:

9 Al outdoor cow areasnust be adjusted and safe fabull (make it bulproof).

1 Collectiongnusthave an appropriate separable area for bull for times of required separation.
¢tKA&a YIe& 0SS UKNRdAAK GKS odz f Qa OK2AO0SI Ay
separate the bull, or due to a ndireeding recommendation frorthe EEP. Additionally, the
bull may need to be separated if the welfare of the fenfgleecomes compromised

9 The bull areashouldbe within a separate building to prevefrustration when females come
into oestrus, which can cause ongoing social tension within the gtoomay be necessary for
bulls in musth to be kept out of a female and calf herd for management reasons when
separation can be difficult due to heightenedgaession and reduced response of the animal.

9 Bullsshouldnot be kept in longerm physical isolatiomnd shouldhavemany opportunities
for socialisation @llections should run animals together where possiasocial learning
gained by calves frofaulls is hugely important

Stationing walls

To safely move the elephants around the facility, the provision of stationing walls or(&ga8)is a
significant advantage. The stationing wall will provide Manjted accessof the elephantsto the
keepers but could also incorporate husbandry access ports for greater flexibility of d@octnss
elephants by the keeperdhe stationing walls allow elephants to be held away from door operations
or away from each other without physically separatingnaais. The inclusion of significant lengths of
stationing wakwould be an advantage, particularly for larger elephant groups.

=

Figure9 PCstationing wall
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Elephant restraint devicdERD)

Restraint devicesre large butnarrow areas that catimit the movement of elephant# necessary
(see kg. 10) Changes in elephant behaviour, herd dynamiitdiyviduals and personnel, along with the
potential of a catastrophic illness or injury, make an BRBcessary piece of equipmeata safe way

to carry out essential veterinary proced@raiith their bullsAn ERD restricts mastut notallt of the

F Y AYLFf QaMowxesantiof theltraini®, feet, and tail is limited but these extremities ctill be
used aggressivelfherefore, although the accessrthusbandry and medical care is safer, it is not risk
free and handles are exposed to the elepharthussafe operation of an ERBquires trainedskilled
staff. All facilities should ha/ERD enabling prop®C techniques.

Despite the many variations in design, there are a few basic elements shared by all ERDs. An ERD should
allow safe access to all four feet, tusks, trunk, face, ears, both sides, hindquarters, and back by moving
the animal or parts of the ERD.may have aside that can be moved laterally to further restrain the
animal.The EREnustopen easily and quickly to freem @&lephant that has collapsett.should also be

able to comfortably contain an elephant for extended periods of time should the need arisa fo
ongoing or longasting veterinanor husbandry procedure.

The location of the ERD is importantritistbe incorporated into the facility design and useistnot

be affected byweather. To encourage the animal to use the ERD, they should be desigribe

animal can enter from eithesideandcanwalk through on a routine basis. The ERD should not be used

solely for uncomfortable veterinagyroceduresasY 2 a6 2 F G KS | yA Y| f Ghould E LIS NRA S
be positive. The ERInustbe accessible tall animals.

Figure 10ERD side view with ports
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Modern ERD designs allow usfesspecial attachments which can be used for semen colleation,
give access thindlegs for blood sampleollectior(see kg.11)

Figure 11ERDwith special attachments

Protected contact (PGjyall see chapter2.6.2 General Handling

2.1.1BOUNDARY

The main goalsf barriersare safety and prevention of direct contact with the pulaitd staff Thus
barriersmust bewell maintained and escapproof. The most common dxriers areeither concrete
walls, gates/doors, electric fencinggecondary bater if not steel ropes)and/or water or dry moats.

Concrete walls

If a tusked elephant has a tendency to dig at walls then it shouldolised in facilities with smooth
walls toprevent damage to both walls and tusk$he minimum heighotf the barrier is 1,9m for cows
and 3n for bulls However, it is recommended to use height of 3m everywhere to make the facility bull
proof.

Gates and doors
Gatedesign $ vital for the safetyand weltbeing of both elephants and staff. Thare either used for
separation ofa givenareaor,if adjusted can serveas a supplementari?Cwall as well.

Doorsmustbe designed to be operatesafely by staff, i.e. outsidef the area withintheS f S LIK | y i Q&
reach Safety corridors and staroff areasshouldbe 4m wide.Doors must beable to bequickly

opened and closed andghould have a stogapabilityto ensure tails/trunks are not injurednd

elephants cannot open half closed gates.
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Gates and arriers should not have horizontal bars, which would allow elephants to climb. Bars should
be either diagonal (sharp anglsbould be checketbr safetyand preferablyavoided) orvertical For
safetyof staff, it would be advised to use diagonal bargpkace of close contact between animals and
staff.

Engineering must be robust and any hydraulic system should have manualpacki/or alternative
power.Hydraulic gates and systexshould not use standard hydraulic oil, as this is toxic to animals if
it leaks, but a suitable vegetablmsed alternative should be used.

Electric fencing

Electric fence§in form of thinwires) should beused as secondary barrier onlytasks do not conduct
electricity. They shouldhavesufficient voltage guggested voltages about 8000v @ 3.5 jouleand a
fail-safe alarm systenThere are several designs available that are very effective and communicate
with CCTV cameras; in the event of the fence being compromised the resulting information will be
relayed to a camera which will change its position to the area in question.

Moats
Dry moats with a hard surface have become obsolete as they pose a realdhieftry, especially to

young elephants. They should be repladedhe longterm with interim plans made for getting out
any animals that fall or are pushed Moats that are deep (>4 ,m), narow (< 3m) and hard bottomed
shouldespeciallybe phased outDry npats or"ha-haaditches should be wide enough for an elephant
to turn in, and ot deeper than 1I75m. The bottom surface must be soft anchenpshould beprovided

so that an elephant can clindut of a moat inecessaryfor water moatsdr pools) seechapter2.1.3
Furnishingand maintenance; Bathing.

2.1.23UBSTRATE

Housingsubstrates¢ indoor and outdoor

Substrate affects elephant healtincluding respiratory health, foot health and overall wellbejng
through increasedying (Holdgateet al. 2016 Miller et al. 2016). Substrate is one of the easiest ways

of increasing enclase complexity. Whilst sand is one of the main substrates of choice, other
substrates can provide points of interest and investigation, such as bark chip, clay, mud, grass and soil.
The combination of surfaces (hard and soft) will help reduce foot/toenatgrowth.

Indoor and outdoor substrates should
9 provide choice to the elephant, allowing elephants to explore and investigate a range of
substrates within their enclosure. This can provide increased activityhebgnitive benefits
of decisionmaking.
1 provide a degree of flexibility and accommodate the astly mass of an elephant. Flexible
WE2FG adzoaGNFG0SQ 62N)la (2 F6a2Nb AYLI OGx S| aa
1 provide good drainagevhich isbeneficial for respiratory, skin and foot h#&al Soft substrate
(such assand) can act ds bid floor, allowing drainage of urinendensuring animals are not
standing in their own quite aggressive urinelyang on wet/cold floors.
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1 provide opportunities for enrichment, such as digging/hiding foatlich canimprove
musculature.
9 allow dust bathingvhich providesenrichment ands beneficial foskin health.

Hard floors

Should be used only in places where long standing of elephants is not expgeotedur and the
elephanQ @me in these areashould beminimised where possibl&€Concrete or rubber floors should
have anon-abrasivebut not smath finish Solid floors should be cleaned regularly and disinfected
where appropriateandshould provide appropriate drainage to avoid pooling of unere elephants
stand.

Sand floors

If used, ype of sandhouldbe considered. It shouldot be dusty,shoulddrain well and nobe able to
compact (in the enclosure or gut). Sand that includes fine sand, silt or clay grades is likely to result in a
dusty enclosure and compact into a solitbor. Sand grains need to be of a single size to reduce
compaction. A grain with a round, rather than angudrape will reduceompaction and will not be

over wearing on the feet.

Sanddepth should beof 0,8 minimum depth, but1,5m is recommendedDailymaintenance of sand
includes daily watering to prevent excessive dussandmust be regularly turned to prevent
compaction and buildip of bacteria that can grow in anoxic conditioBgand floors need to be easily
acessedby specially designed heavy machinesydah adruck loaders)and purposely built concrete
ramps area must.

Where sand is retro fitted into enclosures, drains should be protected with permeable membranes and
sand depths maximised where possibleob runners should be subject to increased maintenance
procedures to mitigate sand ingress. Alteration of door runners can be considered in preference to
removal of substrates.

Benefits of sandéhclude the ability to build ugpillows or moundsvhichmay be used by older animals
to sleep againsr aid older/arthritic elephants when getting up. Animals also can benefit from rolling/
playing inor onmounds and they can act as visual barrigre drainage provided is beneficial to aid
calves in standimp up quickly post birthSand an be used in outdoor aream all weather,and can
withstand extreme cold or wet weather (with appropriate drainage).

Grass
If possible (i.e. space available will not be significantly compromised with paddock rotatioigigehhn
allow grazing access for elephants, which prolongs foratimes.

2.1.3FURNISHING AND MAINYENCE

A complex and variable enclosure is essential. The indoor and outdoor environment should be
positively challenging and stimulating to the animeatsl contain devices, structures and terrain which
provide variety and complexity to enrich the environment and encourage natural behainecluding,

for example moving around, grazing, dustbathing, bathing, scratching, digging and exploration.
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Enclosures should contain as much of the following as possible:

9 Visual barriersg shouldbe available in the enclosure to enable elephants to get away from
conspecifics within their group or between different groups (if multiple groups K&pt$. may
be helpful to reduce aggression.

9 Topographyg a variety of slopes and terrains will encourage significant muscular activity,
provide vistas for the elephants and allow elephants the choice of social interaction. Regular
rejuvenation of topography will ensutbat enclosure use is maximised.

9 Bathinggthere shouldbe at least one water bathing option both indoors and outdoors. A pool
is recommended both inside and outside and at least one pogtbe present somewhere
within the enclosuredeallywith yearround access to meet the needs of all animals. The pool
shouldhave gentle entry slopes (not normally greater than 25 degrees) witkstiprsurfaces
to encourage all animals to use. Pools should not have vertical sides such that they pose a
danger to animals when empty. Poodsiouldhave multiple entry and exit points to prevent
animals from becoming trapped and to reduce potential social tension. The size of the pool
shouldbe large enagh to accommodatell elephants in the group without causgjrsocial
conflicts. The poolshould be deep enough to allow for bathing behaviour and the full
immersion of all adults togethreOther water bathing options include waterfalls or sprinklers.
Keeperled elephant washing may have a role to play in skinbatedoes not replace free
choice bathing in a pooElephant preference will be to bath in clean water and provision
shouldbe made for efficient filtering or regular watethangesin pools to ensure use by
elephants is optimised.

1 Other nonwater bathing gportunities - shouldbe available including dust baths and or mud
wallows. Mud wallows should have shallow slopedrgrand be regularly refreshedlhey
shouldhave relatively wet clay and a stable natural base to avoid nail damage. Clay should not
be toothickto avoidyoung eleplants getting stuck inside

1 Shelterg sufficient shelter areadrom rain, wind sunetc.) mustbe provided to allow access
without compromising social choice.

1 Opportunities forscratching and wallowingnustbe provided e.g. rocks, scratching posts or
trees and mud wallowsScratching and dusting areas should be in close proximity to mud
wallows and pools to maximise use by elephants.

1 CCTV should be installed to cover the majority of elephant enclosuressimlild have the
possibility toreviewfootage fromthe facilityregularly to determine behaviourahangesThis
shouldinclude the ability to view in the hours of darkness using infrared emitters.

2.1.4BNVIRONMENT

Indoor ventilation and air changes

Indoor housing with a substrate floor will inevitably produce large amounts of dust either intgnsive
for short periods or cumulatively over a period of time. Ventilation is required to maintain air quality
for animals and staffand isusually provided machanically via extractor fans, possibly with filters for
key areas. Fans or apnditioning should be considered for cooling in warmer summer months.

Indoor facilities should have as much natural lighting as possible. Artifitighg in the indoor gaces
should come on and off gradually so as not to suddenly plunge animals into darkness or into sudden
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light. Light levelshouldrepresent natural outside light and the use safpplementalUV light should
be considered if animals are contained indoanslbng periods of time.

Temperature

The inside temperature must be no less than-18Bc {with respect to outdoor temperature)Jsage

of spot heated o I 0 f S |Ifd dpecial mexds of cdrtdin ifbididuals is advised. Typical scenarios
includenewlyborn calves, geriatric animals or ngvimported animals iraphase of acclimatization.

Elephants can use outdoor ensbresT N2 Y (i S Y LIS NI (i dpidseht tempega@rBwithoatc / 0

f A Y A-M ACQvithTree choice to use indoenclosure. Due to their great body size, the cooling down

rate of the body temperature is slow. However, the weak point could be the ears. Therefuter,

gAyRe O2yRAGAZ2YA YR 0St2¢ 71c/ I Aninal& diffeleld sgBs 2 dzii R 2
might have different needs and special attention should be paid to calves @ngearsof age

2.1.5DIMENSIONS

Elephants are large animals and thus alwatytbe centre of debatef whether or notthe species can

be cared for properly in theonfinement of a zoo environment. Of courske more space one can

give the better, but to quantify dimensions in a guideline is smstraight forward.Luckily, more and

more zoos are facilitating research to provide data on how their animals use thbitespace For

example a GP$ased locomotion analysis of a bachelor group of young Asian elephant bulls in Zoo

| SARSt 6SNA aK2¢gSR GKFdG I ol OKSf 2NJ 3 NB-dztdncast ¥ 2 dzN.
comparable with data known of wild Asian efemts (Linti& Reichler, 2018)

The complexity and furnishing plays a more important role thiamply thesize of the enclosure. Group
composition and group dynamics are other important factors to consider. Finally, the time spent in a
particular stable open is aother factor to take into accountEnclosures must be flexible and allow

for animals to get away from each other if they choose, and for separagioncurwhere needed.

However, it is recommended that all indoor cow/herd facilifiedere aninals are locked infor a
considerable periodprovide at least 300 mfor each group ofour (or fewer) animalsand for each
additional animal over two years of agecreasethis spacéy at least 80 m [xovided thatthe indoor
facility is a compleenvironment. Even in the most compatible herdsnsisting of related animals,
individualshave the need to bable to retreat

It is recommended thathe indoor facilty for a mature bulprovide at least 160 mand should take

into accounttheir abilityto reachvertically up to six metresandup to eight metresif able toclimb

their front legs againsawall. Bachelor groups of adolescent bulls, even when unrelated, tend to stick
together and even sleep side by side at night. As adolescent bachédlemgbaw older it is necessary

to split up individuals for short periods (e.g. during nitihte). The facility should then still be able to
provide sufficient space for each individual until the animals anenieed.

Outdoor areas foadult bulls and cws (i.e. over two years) should provide all animals with a shared
space of 3,000 mthroughout the year. The outside bull pen should be no smaller t@00mu =~ 2 NJ
pnnYu sbfep@atidgnastingonly for a maximum of a couple of hours a dépossibie, the bull

should be allowed to roam with the cow herd.

Local weather conditions play a crucial role in determining the space requirements for elephants.
When elephants have free choice between indoor and outdoor areas, elephants are happy to roam
outside with temperatures just above freezing paieis long as they have a place to warm up and
sleep. Howeverfacilities with calves and/or deltiated herd membersnayhave to lock animals inside
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(also seechapter2.1.4 Environmen at low temperatures Thismeans thatthroughout the EAZA
region one elephant will only have a stabhMthout access to the outside area for at least half of the
24 hour day while another elephant in another zog might have a relatively small stable, but
permanent access to theutdoor area 24h/day
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2.2HEEDING

2.2.1BASIC DIET

Zoos have a duty to provide optimum nutrition to all animaltheir care. Failure to do so may result

in nutrition-related disease, compromised welfap®tential reduction in reproductive successwell

as reduced life expectancyormulation of an appropriate diet for captive animals requipesh
husbandry skills and applied nutritional scielfpéerenfeld, 199Y. Generally, in Europelephants are

fed a diet of predominatty forage consisting of hay, grass and browse w&idtiedcommercial pellets
and some produc@att & Clauss2006; Partington, 2012; vaBaarlen& Gerritsen,2012) Due to the
guantity of food required by an elephant, feed costs are the second ladgggb-day running costs

of an elephant herd as evidenceth the UK(Sackhet al,, 2019) Therefore, it is essential that zoos are
feeding appropriate items of acceptable quality to their animals, in line with optimum procurement
practise to maximise their financial spend Themajor nutrition-related healthproblems facing
captive elephants are obesity and colis well as individual cases of molar disorders and specific
deficiencies, including calcium, zinc, vitamin E, iron and vitanfitteR & Clauss, 2006; Morfeét al.,
2016; Schiffmanret al., 2018). Deficiencies tendat be case specific and number$ individuals
affected are low.Due to the low growth rate and large body size of elephaittis possible that
nutritional inadequacies may go unnoticed for relatively long periods of timeezoo setting

Nutritional management in zoos

2A0KAY SIOK 1223 OFLGAGBS StSLKIyG RASGA &aK2dzZ R
management programme using the skills of zoo nutritionists, curators, veterinary staff and keepers.
The dietshouldbe reviewed at least annuallytappropriate staff, and proposed modifications raised.
Forage consisting of grass, hay and browse should be the staple dietayonen{ comprising a
minimum of 80% of the total dry matt€tJlireyet al., 1997) Nutritionally appropriate pellets should

be fed according to the individual dietary needs, but in the range of no more than apyatety 20%

of the total dry matter. Exceeding tHisnit may lead to excess energy consumption. When feeding an
elephant specific pellet, it is paramount to consider the recommendation provided by the
manufacturer, assuming they have expertise in the species. Dietary items that deliver readily digestible
energy, such as grains, bread, fruits, vegetables andfilang pellets should not be used in any
significant quantity, althoughthey may have uses for training purposethe administration of
medication, or geriatric animals. All food fed to the animal ag pf a daily routineincluding items

used for training, enrichment or public activities must be included in the daily diet ration calculations.

A review of the nutrient recommendations for both elephant species can be fouf8achet al.,
2019) Although speciespecific differences may be present, evidetased findings on
corresponding requirements are lacking and further research is recomme(athertet al.,, 2019)
Hence, based on the current knowledgee consider our recommendations to be valid for both
elephant speies kept in European facilities.

Feed storage and preparation

As with all animal feed, appropriate storage conditions are essential to retain product quality, including
appropriate insect and rodent control measures. All food storstgauldbe designed in such a way to
enable safe access by staff and limit wastage. A clear system for stock control and product traceability
must be implemented.
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Foragec must be protected from the weather (wet) and with good ventilation to prevent mould and
degradation

Browse must be protected from weather (wet) to prevent mould/degradation and consumption from
other pest species

Pellets- purchased supplies shouldbhexceed the amounts needed over a 4 ton®nth periodin
order to prevent degradation of vitamins, assuming ideal storage conditions. Most vitamins within
pelleted feeds are stabilized for shelf life of up to 1 yBawever, products must be individually
checked and an inventory with record of expiry datast bemaintainedfor the animal feed store.

Produce(vegetable and fruit) must be kept under refrigeration

Feed items Forages

Hay and fresh forages

Grass hay is an ideal forage source for spemilspted to eating plants high in fibré.is important

that the hay is of highygienicquality, properly dried and cured. Hay should look green, and be free

of weeds, insects, mould, twine, wire or any other foreign objects. Hay must be visually @gspect
before a delivery is accepted, and should be rejected if found to be substandard (mouldy, excessively
dry and dustyopr off-colour). During the process of unloading a delivery, this testing should continue,
and not only be applied to the first few balesbatchesvhichmay have been deliberately chosen by

the merchant to give a good impression.

Given that elephants should have hay available at all times, and that obesity rather than energy
deficiency is the primary concern, the hay used should be ofvanutritional quality (e.g., crude
protein 58%, neutral detergent fibre 600%, acid detergent fibre 480 % in dry matter). Ideally, the
grass should have been cut at a very late growth stage, with long, lignified stems. Hay typically used
for production animals, cut at an earlier growth stage with soft, pliable stems &itd a high
proportion of grass leaves, is not ideal for elephants due to its high energy content. Because hay
suitable for elephants is typically not produced for the hay market, aawhbse farmers cannot sell

the same amount of hay if cutting their fields as lateisasseasonable for elephantonsumption as
compared to what they could sell cutting the same field several times, prospective contracting of
farmers and fostering lonterm relationships is recommended.

Considering differences in the dietary needs of individual elephants (e.g. breeding vsremaling
females), it is recommended to have variousdb@sof hay with differing energy content/digestibility

on site. Hay of articular grass species, such as reeds, has been used successfully by some elephant
facilities.

For the use of fresh forage, the same principles appty grass of late maturity stage with long,
lignified stems). If at all possible, the use of fresh forsigeuld receive priority over dried forage, but
maybe necessarily limited to the neminter season. Reedgrass or elephant grass, or other tall grasses,
may be suitable. In theory, using whole maize planthout the cobsvould also represent a suitable
elephant feed. When feeding fresh forages, their dry matter content needs to be accounted for in
ration calculation.

If possible access to grass paddoatanbe provided to all elephants within the collection, although
this may not be possible for someadue to space and weather limitations. Paddocks should have
appropriate drainage, especially around high use areas, such as gateways and feeding stations to
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maximise the amount of time in which they may be used by animals. The time taken for elephants to
consume small amounts of food via grazing is extremely important from a behavioural perspective and
Oy laarad Ay AYyONBlFaAy3d (GKS LINPLRNIAZ2ZY 2F |y ¢
copious grass paddocks, implementation of comprehenddeding enrichment as a substitute is a

must. The latter may present an opportunity to compensate for limited space as recently reported by

Scott& LaDug2019)

Browse

Browse is an essential dietary component, both nutritionally and from a behavioural perspective. It
must be fed daily to all elephants throughout the year and may contain twigs, branches andostems
evenentire tree logs. Consuming browse increases foiggime and has additional benefits for dental
health.

A planshouldbe in place for adequate browse provision throughout the year, including the winter
months when leafy material is noeadily available. Browse can be preserved for other species by
silaging, freezing or drying, but for elephants, due to the volumes required, this is mostly not feasible.
Rather, stems and twigs without leaves should be provided on a daily basis, as well as evergreen
species such as evergreen o@uércus ile) bramble Rubus fruticosusor stinging nettlertica spp).
Feeding conifers has proven successful for some collections.

Straw

Straw can be a suitable legaloric fibre addition to the diet of elephants and can be mixed in with the
hay ration to prolong foragingrtie, especially in high feeding nets. Due to gageamount of forage
required by elephants, mixing of hay and straw generally appeale the less feasible optioas
compared to the acquisition of lorgfem grass hay of low nutritional (but high hygienic) quality. If
mixing of hay and straw is done, the ratio should be determined in accordance with the dietary needs
of the individual elephant. Like hay, straw must Hehagh hygienicquality, free of weeds, insects,
mould, twine, wire or any other foreign objects and should be visually inspected before a delivery is
accepted. Wheat or barley strawpreferred,asoat straw typically contains a higher energy content.

Lucerne

¢tKS StSLKIYy(iaQ NEBI-eretySrau§hge Zan Be2elsilyandtt withegFass thay @nd
straw, so that the more costly lucerne hay is typically not required. The feeding behaviour of elephants
makes a loss of leafy material particulaliyely when dealing with lucerne hay. Therefore, fresh
lucerne or lucerne haylage would be considered more suitable due to the reduced leaf losses. Fresh
lucerne or lucerne haylage might be used to increase the calorie and protein content of a specific
aniy' I £ Q aundBrsgdific circumstancesuchas with geriatric animals or animals of compromised
health. However, providing a grass hay of higher nutritional quality most likely is a more feasible
solution.

NOTE: if feeding of haylage is considereshduld be of excellent quality. Several elephants have died
of Clostridial botulism due to feeding improper haylage!

For all forage items, gradual changes with a slow introduction of new material over the course of two
weeks § recommended. fle amount ofthe new diet item should be gradually increasaeer timeso

that after one week, it represents 50% of the forage portion, anaissitioned tothe only forage

after the second week.
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Other feed items

Pellets

Except for special circumstances of particularly forage quality or mishaps (e.gudden detection

of forage spoilage due to roof leakage), there should be no need to provide elephants with pellets for
maintenance energy requirementslowever, avariety of pelleted feedstuffs is available. Some are
manufactured specifically for elephants and are designed to be fed in very small quantities, with forage
making up most of the diet (hay, grass, browse, straw). These pellets provide high levels of vitamins,
MYySNIfa yR LINPGSAYZ Ay | O2yOSyidNIGSR F2N)X a2
nutritional needs. A combination of such a product with forages represents an easy and comparatively
safe approach, because potential variati@special}y in the mineral composition of the forages of

little concern, giverthat the baselineis providedby the fortified pellet. With this approach, the
individual provision of specific amounts to each individual, according to its body mass, is prerogative.
LG A& FTROAASR GKIFG LIStEtSG asStSOGA2y Aa YIRS oe
nutrition advisor of the Elephant TAG noutritional consultancy service, which is sometimes also
provided by renowned manufacturer§o avoid @hestive upsets, the introduction of any pellet into

the diet should be gradual (increasing slowly over 2 weeks).

Fruits and vegetables (produce)

These should be fed in very limited amounts (less than 1 kg per elephant per day) and be documented
as partof the daily diet ration. Produce is comparatively expensive, and amounts fed should not
contribute to vitamin and mineral provision. Even small quantities of froigher in sugar may
significantly contribute to energy levels in the diet, adding to thek of obesity. High sugar fruits
should be replaced with vegetablesideally leafy greens. In appropriate quantities, their use in
training may be valuable. As it is easy to condition animals to the use efhigr items, but difficult

to then reversethe conditioning, it appears prudent to refrain from the use of such items from the
very beginning and establish the use of leafy greens as training items.

Bread
Breadshould be avoided$hould this be required for the administration of medication, usast be
monitored.

Bran

Elephants can be reluctant to consume unfamiliar fodlsrefore, it is appropriate to offer potential
carriers for medication such as a bran mash periodically, so they will be consumed when needed.
However, it should not be necessary to offer such items daily.

Vitamin and mineral supplements

The dietary concentrationsf minerals and vitamins recommended for horses should in the most part
be sufficient for elephant@UlIreyet al., 1997) Mineral deficiencies have rarely been reported and are
best avoided through the adgiate use of appropriate forages, supplemented with pelleted feed,
rather than additional external supplementation where consumption is more challenging to ensure
and monitor.In cases of determined or strongly suspected deficiencies (e.g. during pregoancy
lactation), commercially available readily formulated elephant supplements can be administered.
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2.2.2SPECIAL REQUIREMENTS

Staff behaviour

When changing the diet of elephants, it may be appropriatestaffto avoid eating those diet items
(apples bread) within theS £ S LIKréangle(bfvi@ion. In doing so, negative reactions by the elephants
may be avoided.

Food analyses

Typically, it is recommended to analyse all feeds on a regular basis. However, the question each zoo
mustask itself ishow willthat information be use@d Analysing feeds appears reasonable if there is a
nutritionist on staffto make use of that information. Yet, even with a nutritionist on staff, or the use

of a consultancy service, it may be a more egffitient approach to degn a diet based on forages

and a concentrated pelleted food that covers a range of possible nutrient values of the forages, rather
than adapting the pelleted component each time a batch of forage is analysed.

Having stated the potentially limited use of nutrient analyses, there is no excuse not to perform
hygienic assessments of all feeds delivered to the zoo. Even if there is no nutritionist on staff, or even
if there is no dedicated commissary manager, itregtrbe excused if therareno personnel trained in
evaluating the hygienic quality of forages, vegetables and pellets. In particular for forages, given their
relevance and bulk in herbivore diets, personnel dedicated to evaluating and either accepting or
rejecting a delivery, and dedicated to proper storage and assessment odgstoquality, is
indispensable.

Presentation of food

Several studies indicate free living elephants of both species spend a considerable proportion (48
76.4%) of their day feedinglthough where feeding conditions are improved and food availability
increased, elephants have been seen to reduce the total amount of time spent fe@iegmant
Prins,1989; Dougallk Sheldrick 1964) There is debate surrounding the feeding pattern; several
reports indicate that elephants feed almost continuously throughout @n@dr period(Beekman &
Prins, 1989; Laws, 197Mlowever, there is also evidence that elephants feéth distinct peaks
(Sukumar, 1990)It is thought the déeding pattern may vary depending upon food availability,
temperature (time spent in shade) and migration (usually to water).

It is commonly accepted that feeding in captivity must mirtiie feeding behaviows of wild
counterparts. A variety of complex fdimg opportunities(e.g. at different height levelsjo prolong
foraging time throughout the day and night must be providead povision for food delivery in
evening/early morning must be made when personnel is typically absent. With respect to the @mpor
occurrence of major sleep periods, agtrafood should beaddedbetween midnight and 6.0&m to

avoid sleep disturbanoeith noise(Schiffmanret al.,, 201&), which is evidently not difficult to achieve.
Keepers must periodically monitor this via nigime video recording of all animals, to ensure all
animals are able to obtain access to food and ensure feeding events do not encourage anticipatory or
stereotypical behaviours.
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Diet monitoring

Appropriate monitoring of body condition and weight is essential and should be conducted at least
four times per year. Visual body condition scoring has been demonstrateela practical and simple
monitoring tool(Chusydkt al., 2019;Fernandcet al., 2009; Schiffmanet al., 201&) and is ofparticular
importance if weighing is not feasible. Records must remain with the animal throughout its life and be
recorded as appropriatée.g. via ZIMS Consequences of obesity in captive elephants are extremely
serious and will affect the anim&eng term captive health and welfare. There is strong evidence that
obese animals are at increased risk of foot and joint lesions, altered metabolic markers and reduced
reproductive success with increased labour length, dystocia, stillbirths and ultimately rabwwadf
death(Chusycet al., 2018; Fremanet al., 2009; Norkaewvet al., 2018; Olson, 2004)

Where animals areot achieving an optimum BCS, a documented plan must be in place to attieeve
optimum BCS andith records kept of progress made. Daily, keepers must monitor diet consumption
and report variations as appropriate. Individual diet plans must be made fon etephant and
recorded.

2.2.3VITAMIN AND MINERAEFICIENCIES IN TAMPTY

Vitamin E

Deficiency of vitamin E in herbivores causes a range of symptoms including necrotising myopathies,
anaemia, reproductive failure, capturayopathy and white muscle diseaéieierenfeld& Dolensek

1988) Elefnants typically have low circulating plasma serum vitamin E levels compared to domestic
herbivores(Papast al., 1991) and differerwes have been noted between African and Asian elephants
(Savaget al., 1999; Shresthat al., 1998) Leaves may contain 20 times as much vitamin E as the stems
of plants, but losses during haymaking can be as high as 90%, therefstephant diets based
primarily on hay are almost certainly low in vitamin E. Consequently interest in the importance of
supplemental vitamin E for elephants has resdiin supplementation products marketed specifically

for elephants which may be appropriate to use in specific circumstances, depending upon vitamin E
provision in the overall digiKenny, 2001)While circulating vitamin E levels may fluctuate seasonally
(depending on diet and potentially physiology), variatitas not been systematically monitored in
elephants.

Calcium

Elephants have their highest demands for calcium when-guskving (males) or lactating (females).
Lactating females are estimated to need 60g of calcium per day anehjtaskng males require-8
9g/day (McCullagh, 1969)Calcium metabolism in elephants appears tosbuilar toequids with an
absorption efficiency of approximately 60% from the diet, independent of dietary concentration, with
excess absorbed calcium excreted in the @i@lausset al., 2003) In a study conducted in the UK
based on 14 collections, a nmmum of 0,330,77% DM calcium was provided in the diet. This is in
excess of thenaintenance recommendation of 6 DM and suggests why deficiencies are rare in
healthy adults at maintenance, but may be seen during parturition and lactation when demands are
much greater(Partington, 2012)Calcium deficiency has been documented in individual cases during
parturition, makingdietary calcium supplementation recommendable prior to bifitan der Kollet

al., 2008) This could be #&ieved, for example, by additional provisionlwbwse anducerne hay in
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the month prior to birth(see EAZAVeterinary Guidelines for reproductienelated management in
captive female elephants Appendix Il oat EAZA Elephant TA&harePoinL

Zinc

A single case of zinc deficiency was reported in an Asian elephant causing a secondary immune
deficiency, skin lesions which included superinfected vesiculobullae above the toenails and
hyperkeratosis on the extensor surfaces of both elbows and on thdiaitary zinc level was adjusted

from 21mg/kg to 53mg/kin feed on a dry matter basis and significant improvements were seen within

2 weeks and lesions resolved after eight we€Bshmidt, 1989)The recommendationof captive
elephant dietary zinc concentration is 40mg/kg D®son, 2004)Although in a study of 14 UK zoos,

zinc levels in the diet ranged from-B4 mg/kg DM, the values do not include the contrition of zinc
from grass or browse in thdiets, thus likely underestimatg dietary status; however, no clinical sighs

of mineral imbalance were reported in that stuf®artington, 2012)

2.2 .4EXAMPLES FOR DX RATION QUANTITIES

Please note that the following daily rations serve as examples, making individual adaptation necessary
before application. Ideally, a zoo should have a nutritionist on staff. If that is not the case, this task
may fal to a veterinarian with some basic nutritional training or can be outsourced to a nutritional
consultancy, of which there is a growing number in Eurdijpe a simple ration calculation
Alternatively, several manufacturers of zoo diets also provide nutritional consultancy. As with any
business, the credibility of the service should be assessed by asking for references from other zoos and
by plausibility checks. In particular, advicettappears to be tuned to use a maximum of pellets should

be viewed with caution. Target overall diet composition (ingested roughage andooughage items)

may be in the area df0%crude protein 60%neutral detergent fibre and40%acid detergent fibreri

dry matter. Accurate calculation of the quantities required to cover the individual needs of an elephant
would require constant analysis of the diet as well as monitoring roughage intake (by measuring offer
and refusals) to allow estimation of the propion of roughage and nemughage diet items, which is
impracticalg all the more so if the recommendation of multiple feeding stations spread across the
whole enclosure is heeded. Hence, continuous monitoring of an eleg@hafysical condition by
weighirg and body condition scoring is strongly recommend@thiffmann et al, 201%).
Subsequentlydiet composition and quantities can be adapted accordingly.

A) Adult breeding female, body mass: 348kg, BCS: 5/10
Estimateddaily dry matter intake [kg]: 3 348kg * 0,055022kg

Feed item Recommended Proposals for food presentation
quantity
¢ DNJaa KI &ZX ol 5560kg Topfeeder (e.g. hay nets), feeding holes
Straw 5kg Topfeeder (e.g. hay nets), feeding holes
Browse, branches Ad libitum Topfeeding (e.g. bundles fixed ¢
cables/winches)
Pellets (containing minerals & 1-3kg Puzzle feeder, scatter feeding, rewar
vitamins) during training sessions or manageme
actions
Note: Quantity may be varied significantly due to reproductive status (lactating, pregnant)
corresponding needs.
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B) Adult breeding male, body mass: 878kg, BCS: 7/10

Estimateddaily dry matter intake [kg]: 5 278kg * 0.64 5278kg

vitamins)

Feed item Recommended Proposals for food presentation
quantity
Grass hay 45kg Topfeeder (e.g. hay nets), feeding holes
Straw 30kg Topfeeder (e.ghay nets), feeding holes
Browse, branches Ad libitum Topfeeding (e.g. bundles fixed ¢
cables/winches)
Pellets (containing minerals ¢ 2kg Puzzle feeder, scatter feeding, rewar

during training sessions or manageme
actions

C) Geriatric (nonbreeding) female, body mass: 234kg, BCS: 4/10

Estimated daily drynatter intake [kg]: 234kg * 0,015> 4401kg

vitamins)

Feed item Recommended Proposals for food presentation
quantity
oy IANJ aa 55kg Topfeeder (e.g. hay nets), feeding holes
Straw 0-5kg Topfeeder (e.g. hay nets), feeding holes
Browse, branches Ad libitum Topfeeding (e.g. bundles fixed ¢
cables/winches)
Pellets (containing minerals ¢ 3kg Puzzle feeder, scatter feeding, rewar

during training sessions or manageme
actions

D) Subadult male/female, body mass: 237kg, BCS:

8/10

Estimateddaily dry matter intake [kg]: 2 237kg * 0,64 2237kg

vitamins)

Feed item Recommended Proposals for food presentation
quantity
Grass hay 20kg Topfeeder (e.g. hay nets), feeding holes
Straw 10kg Topfeeder (e.g. hay nets), feeding holes
Browse, branches Ad libitum Topfeeding (e.g. bundles fixed ¢
cables/winches)
Pellets (containing minerals { 1kg Puzzle feeder, scatter feeding, rewar

during training sessions or manageme
actions

Calculations based on the following parametersaintenance requirement of daily dry matter intake
1-1.5% of an elephants body ma@dlirey et al., 1997)Dry matter hay: 90%Ullrey et al., 1997)
recommended quantity pellets: elephant pellets, Kagja@mafood: 1kg/1000kg BM per day.
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2.330CIAL STRUCTURE

Appropriate social grouping is key to successful elephant management and must&ipent in all
aspects of care.

2.3.1BASIC SOCIAL STRUEUR

Social Structure

The core social urgbf elephantsaarematriarchal, multigenerational family groups varying in size from

two to 16, usually related, adult females and their offspring (Schulte, 2000). These groups are built on
complex networks of social bonds that change in strength and quality over time digean both
relationships with other elephants and resource availabsitieh as food and water (Archet al,

2006). This leads to fissidnsion societies with groups fragmenting into smaller units anfbigng
according to conditions (Vanes al,2008).

Social learning during development is crucial for the acquisition ohabbehaviours (Lee & Moss,
1999). Young elephants learn from their interactions with other elephaviiech have a significant
influence on their future behavioural, social, regductive and maternal competence.

Bull elephants are not necessarily solitary (eeal,, 2011, Srinivasaiadt al., 2019). In the wild, young

males remain in the tightly bonded female society until they are between 10 to 20 years of age (Moss
& Poole,1983). Leaving the maternal group is a gradual process with them joining smadblall
groups within which they develop social bonds (eeel., 2011). Young male elephants follow older
musth males around learning reproductive behaviours (Rees, 200H9.d all ages regularly interact

with the female family groups and so have a diverse range of social relationships and extensive social
choice (Leet al., 2011)

Social Structures in Zoos

Historically groups of elephants in zoos have been composaarefated adult females. Thisaylimit
opportunities for learning and displaying social, reproductive and maternal behaviours, which
contributes to incompatibility and conflict between elephants and perpetusmp®or reproductive
success (Hartley & Stanley, 2016), and therefore saisdfare concerns (Clubdt al., 2008).

Creating groups that better resemble the natural social structure and allow for this learning
environment in zoos, is complex and challengiBghulte, 2000)EAZA zoos have a leteym plan
created in cooperation with responsible EEP coordinatiwet defines the purpose of their elephant
herds and outlines the steps to be taken to achieve an appropriate group structeug stable
matriarchal family groupsor bachelor groupswherever possible This process can be enhanced
through carefully considered transfers between collections, via the responsible FBEfPnore
information seechapter2.4.7 Population Management

The zoo should maximiggportunities for every elephant to have unrestricted physical contact with
other members of the herd for asany hours each day as possilflenless there are serious and
justified reasons for such a separatiofn the other hand, housinghould be desiged so that
individuals can choose to be separdigther physically or visually.

Female elephants must have social contact with other elephants at all times. If herds are kept, groups
should contain at leastour compatible females over 2 years oldoldion and restraint during
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parturition have been associated with dystocia (Cleblal, 2009; Mason & Veasey, 2010; Hartley &
Stanley, 2016). Cows that are unrestrained and were with the herd during parturition are less likely to
show maternal aggressiofliggeret al., 2001; Prahl, 2009Hartley and Stanley (2016) found that a
socially stable and compatible herd increased calf survival.

Bulls must be given the option to be in social contact with other elephants if they choose. Acceptable
social situatios for bullsinclude eithethousing bulls so they cdrave regulacontactwith the family

herd, ideally with another bull presenin order toto facilitate social learningi.é. 1 older bull, 1
younger) or housing &éachelor herd with other bulls of varying ages.

Sleeping together as a group has been demonstrated to be important for herd cohesion and individual
relationships and a good indication of alliances and conflicts. Bulls may also sleep with the family group
if given the opportunity (Williamst al., 2015).

Keeping mgle elephantss highly not recommended and should be avoided. The only exceptions might
be an old cow undegxceptional circumstances where there might not be a better alternative. All these
cases must be under review of responsible EEP coordinator.

2.3.2(CHANGINGESROUP STRUCTURE

It is increasingly being recognised that relationships between individual animals change over time
potentially making an individual incompatible with another indiatiar the whole herd. Identifying

YR NBaLRyRAy3d (G2 (GKSA&S OANDdzradlyOSa I NBE AYLRERN
become incompatible after the hierarchy changes in the herd which may be caused by introduction of

new elephants, the birth cd calf to the cow under consideration or other herd members, or puberty

inyoung females. In the wild family groups do separate, usually down maternal lines with a female and

her offspring leaving the group. These animals may or may not come together iaghie future.

Incompatible femalesshould be transferred with appropriate offspring, including adult female

offspring where appropriate

It is important to remember that an elephant that becomes incompatible with its existing herd may
play an importantstabilising role in another herd, bringing life experience and behavioural diversity
with it. A transfer may be in the best interest of the individual and both herds. Some studies show that
changing herd composition can have positive effects on sociaMmlra whilst the stress associated
with the move is neitbr prolonged nor severe (Datret al, 1992; Schmicgkt al,, 2001; Lawet al.,

2007).

The role & older or geriatric animals whiamay have a broad and diverse experience should not be
under-estimaed. Even as nobreeding cows, these elephants can have an important matriarchal role
in helping to stabilise a heror teach younger animals and thefiouldremain within the family groups
throughout life (Dublin, 1983; Schulte, 2000).

Bull Management

Saial interactions are very important for bulls of all ages. Adult breeding bulls will spend up to 60% of
unmanaged time in a social situation (Wood, 2017). Bull housing and management should allow the
bull access to the herd with the opportunity for himdeparate himself if he chooses. Bulls and cows
shouldhave access to a shared-akather outdoor space throughout the year. Zoos should develop
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facilities that allow the bull(s) access to the entire enclosure to allow for increased social contact with
other elephants. Normal social development of both bulls and cows is essential to ensure social
compatibility, appropriate reproductive behaviour and therefore successful mating. Physical and social
contact with bulls has been suggested to reduce the likelihof acyclicity and failure to mate in
female elephants (Hartley & Stanley, 2016). Tweoty hour a daycontact between cows and bulls
leads to increased pregnancy rat€dgm, 1999.

As in the wild, juvenile and adolescent bulls will increasingly spend time playing and socializing with
other bulls rather than with the female group. Although much of this interaction will be with other
adolescents, young bulls will seek social contad¢h whe adult bull (often their father) which is
important for social learning (Evans & Harris, 2008; Rees, 2004). This social interaction with other bulls
is essential for their development and adolescent bsitisuldbe given the opportunity to spend time

with the breeding bull, or any other bulls (if held)

When a young bull reaches the age where he starts to exert pressure on young females within the
group, consideration must be given to protecting the stability of the group structure. A good quality
sodal network and behavioural understanding of the group is essential to ensure that good
management decisions are made. If the young animal is deemed too young or not independent enough
to leave the groupthen increasing time away from the group with aruéidbr sub adult bull may serve

as a transitional phase for the young bull and alleviate social pressure. A&suthg bull grows more
independant, the interest in staying with the core group will lessen and his interest will be in being
around other bulelephants.

Thus, po managemenmustdevelop facilities to allow young males to remain close to the natal herd,
experience bull social development and experience a gradual dispersal tq eebrdhting a fission
fusion situation through availability ehultiple enclosures and housing spacBseeding collections
have a responsibility to house their offspring for a considerable time {4@eyear} if they are to
develop appropriate behaviours as adults.

Bachelor Groups

The purpose of the collectiamustbe determined within the ang-Term Managemen®an of the EEP
and zoo

1 Appropriate bachelor group structushould be followedincludinghaving a 'guide’ elephant,
preferably a mature male (depending on previous social history) to act as a
mentor/teacherguide for young bulls.

1 For best social benefit, bachelor groups should consist of more than two individuals and be
developed to hold multiple compatible bulls. This allows for social behaviours between the
groups. Bullsnustbe of varying ages faeaching/learning of younger bulls.

1 The collectiorshouldhave a plan in place for younger bulls challenging the rotibofinant
bull. If this happens, the original dominant bull may be housed separately or transferred to
another facility or could be képvith the group in a subordinatele.

1 The elephants should be given 24/7 access to each dtirdess there areserious reasos
preventing i), to allow elephants to naturally separate themselves using the enclosure space
rather than creating physicablrier (closed gates) between bulls and allow elephantb@4r
access tanside and outside areas. This can benefit social structure by giving them the freedom
of choiceandnot be confined to one area with the rest of the group.
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1 Monitor and record all mjar positive and negative social behaviours to allow management to
make evidencéased decisions regardinge St SLIKF yia4Q 3INBdzZLIAY3A | yR
safety of elephants and staff.

Group structure change

Any separations will have an impact on thenfidence and social standing of individuals within the
group. The continuing stability of the group should be a significant consideration during all animal
management decisions.

Temporaryseparations

Temporary separations should be a routine part of the husbandry management of the animals with
special consideration needefibr juvenile members of the groupCalves form strong bonds and
extended separation frorthe dam or other close family members caause undue stress.

Prolongedseparations

Prolonged separations of animals within the group should be avoided unless critical to the survival of
the animal. If prolonged separation is required for incompatibility reasons alternative accommodation
shouldbe considered for the separated animal.

Introductions

When introducing new animals to a group careful consideration should be taken around the impact
that a new individual can have on group structure. A good understardfitige social networkand
dynamic of the current groups important and the social history of a new animal wilpact the
success of any mixing withthe group. Facilities should be in place to increase the chances of success
with proposed mixes and putting the animals in fighflaght situationsshould be preventedSuccess

has been had using movable electric curtains to allow the animals to process information about each
other before finalintroductions This should be done in a pptanned way incorporating the
personality of indsziduals into the planning process.

Integrating breeding bulls

Establishedsocially competent bulls should mix with cows that also have a good social understanding
of bull behaviour and expectation. Caution should be taken if there is any doubt over capabilities of
anymemberof the group. Olfactory provision of faeces for thregp and bull can be given in advance

of proposedntroductionsas itwill serve to create expectation and initial introduction of change to all
animals.

2.3.3HARING ENCLOSUREMWDTHER SPECIES

Information can be found describing mixed exhibit examplsig elephants. Like most species in
captivity, there have beerncreased initiative$or mixed exhibitssome with mixed results.

Three general principles can be used as guides in developing -speeies exhibitsThomas and
Maruska, 1996):

1. The difficulty of combining species is inversely proportional to the size of the exhibit (the
larger the exhibit, the less chance of complications)
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2. For educational reasons one should keep geegraphical and biotopspedes
consideration in mind

3. The snaller the exhibit, the more crita the selection of the species (and numbers of) placed
within it to ensure natural behaviouiThis can be facilitated withetter structured enclosures
with lots of topography, rocky hills, trees, visual barriers (giehmnces to escape}c.

General considerations in any mixed exhibit initiativeclude:
9 Safety for animals and keepser
1 Management possibilities for keeper
1 Enriching life for all concerned species
1 Veterinary and nutritional management
1 Educational value

Safety

When building mixed exhibits, thorough considerations need to be taken to accommodate safe
surroundings for all species. As elephantsuld be thedominant species in the mix, one needs to be
very creative with barriers to allow other species thiafe zoné @

Principles that govern such safe zones can be broadly dedined

1 5S@St2LAYy3a ayAOKSa¢ F2N I f{ iReyfi@llisgbGierg a LISOA S
where the need to share the same surroundings is not obligatory because theneasls for
the species are in separate parts of the exhibit (e.g. arboreal/terrestrial combined).

f Designing barriers a8 S a4 O LIS¢ i &2 Nb i 2 ¥ i & S\lSkeosuxiies shyiré
the same surroundings, but elephants are not allowed to enterttmole outdoor area.

Ly 620K OF&aSaX AYyR22NJ FIOAfAGASE yS68ierspetieso S | Re
(hoofstock, primate, hyraxgarnivorebirdetc) NB 2 F¢ 2 NJ YIF { Ay 3 adz2NB GKS St S
indoor areas of the othespeces. Another way might be thaossibility to divide the outdoor enclosure

into two parts for the night (fohorizontal distribution).

Management possibilities

By having multiple species in the same exhibit, management might be very complicated. General
principles of attention may be:

1 In the discussion which species to choose, keep the management options as an important
variable. For example, you would not want hasms managementneeded fora smaller
species if you have large mammals in the same exhibit.

1 Make thorough risk assessments and have good discussions with the animal keeper staff to
avoid any misunderstanding about agreed management possibilities.

T .8 ONBIGAGS Ay &2dNJ YIyF3ISYSyd LRaarorftArAdrsa
flexibleAy GKS sl & GKS& OFy 68 YIylF3IdRo hy$S 2LIA
where animals learn to connect a specific sound to a certain behaviour (e.g. coming into the
stable).
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Enriching life for all concerned species

Mixed exhibits are chosen as ethiment for species and visitgrand one needs to take measure to
ensure that their welfare is not compromised and that living in a mixed exhibit is beneficial for the
welfare of each of the species. Issues to consiggude

1 Spatial use of the exhibitytall species

Possible conflicts between the species

Separation of feeding places/ opportunities

Separation of retreat areas, so escape runs do not end at the samegpgiatstable entrance
Choose complementing species

9 Assess individual welfare by sdiéic behavioural studies

=A =4 =4 =4

Veterinary and nutritional management

In additionto possible veterinary risks because of inter species dominance, one would need to consider
inter species infectious diseases. Micestcan be pathogenic for multiple speci€dome viruses can

be lethal to one species, while it is relatively harmless in the normal host. Diseases to consider when
mixing elephants with other species are tuberculosis, cowpox and Salmonellosis.

Some general points of consideration might be:

1 Write aveterinary risk assessment protoaufl potential disease transmission
9 Adjust your preventive veterinary work according to the situation

hyS ySSRa (2 O2yaARSNI K2g (2 | @2AR YydzZiNRGAZ2Y I
C2NJ SEI YL SNK O KB g HIANE O2VYLIX AOF (A 2y &dnsiderdtdStd G A S
maintainproper nutritional management for each species.

Educational value

Considerations regarding the educational valueaahixed exhibit need to be discussed. Popular
educational ®riesrevolve aroundhe habitat of the exhibited species (Kopje area, Serengeti plains
etc.), and for this reason one might chooaegeographicdy specific species (e.gSouth African
gemsbol.

Introduction of species

When garting a mixed species eXii, considerations regarding a safe introduction of all species to
the enclosure and to each other must be made. This may include:

9 Let all species explore all parts of the enclosure without the presence of the other specie(s)
and onsider dominance issuaghen deciding which specientersfirst.

91 Let all species get used to feeding sites and feeding routines

1 Do introductions carefullyand under observation and have a plan B ready if there are
complications during the introduction and the species mustdygasated again.

Examples of mixed exhibits using elephants

Elephants, being the largest land mammal on earth are on one hand challenging to design mixed
exhibits for, but on the other hand easier because they aithout doubt, i KS G R2 YA Yl yié & L
the exhibit. The safety, management and veterinary caesations are vital focus areals would be

advised to have a thorough training programme (recall) for the elephants as part of the management
procedure because ia Proteded Contactsettingthis will be the way to deal with this species in a
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mixed exhibit. Exhibit wise, barrieespecially will need to be adjusted to accommodate the mix.
While hoofstock species would be relatively easy to mix regarding barrier adjustrpentates would
make it much more complicated.

A very good example is the African savannah exhibit in Boras Djurpark in Sweden. TivgHuaerd
the bul is managed alongside Africaape buffalo(Syncerus caff@r Grant zebraEquus quagga
boehm), Sableantelope(Hippotragus niger BlesboKDamaliscus pygargus phillipsCommon eland
(Taurotragus oryk Giraffe(Giraffasp.) Ostrich(Struthio camelus and Helmeted guindawl (Numida
meleagri3. In Ouwehands Zoo, the African elapits areexhibitedwith red river hoggPotamochoerus
porcug while in Thary and PeaugreZoo they are mixed with arthogs(Phacochoerus africanus

Asian elephants are also being kept mofeenin mixed exhibits, with many examples worldwide. For
example, Asian elephantare successfully kept together with Chita#ix{s axiy and Crakeating
macaquesNlacaca fascicular)sin Dierenrijk Zo@nd with BlackbucksAntilope cervicapraat Dublin
Zoo. In ZuriclZog an allmale group of Blackbucksse whole outdoor exhibit spacecalmly inthe
presence of the elephants andtreat to their area when neededs their stable and a small outside
exhibit are not accessible for the elephamdthough no real barrier exists, the blackbucks do not use
the inside exhibitef elephants
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2.4BREEDING
2.4.1MATING

Anatomy and physiology
Male

The testes are located inside the abdominal cavity. They are tennisibad structures just posterior

to the kidneys. The elephant penis is muscular, like that of horses and humans. The lg¢hgtpeofis

is approximately two metres, and issBaped. The other organs involved in the male elephant
reproductive system are the seminal vesicles (sperm storage organs), the prostate gland, the ampullae
and the bulbourethral glands.

rechim

semmal vesicle
ampudla
prostate gland

bulbowretlral
gland

Figurel2 The maleeslephant reproductive system (modified from Hildebramdtal.,, 2006)

Female

Like a cow or horse, the female elephant hdscornuate uterus, meaning there are twterine horns.
The ovariesare located behind the kidney§he entire reproductive tract from the ovaries to the vulva
opening measures up on average 2.5 meters. The Igegaital canal is 688 centimetres long and
consists ofhe vagina, vaginal openirgndthe vestibulum vaginal he vulva ipositioned betweenthe
inguinal regions, ventrally between thendlegs, which is different from mosither mammals. The
clitoris lies within the vulvaopeningand is about 40 centimetres long, about the same length as the
vulva. The two mammary glands are located pectoyéitween the forelegs. The placenta of the
elephant is zonargnd the gestation peod of the elephant is about 202 months(Estes, 2012)
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Figurel3 The female elephant reproductive system (modified from Hildebramdi., 2006)

Basic endocrinology

Elephants hava similarreproductive endocrinologgomparedto other mammals. In both male and
female mammals, GnRH (gonadotropin releasing hormone) is produced by the hypothalamus in the
brain, which in turn stimulates the pituitary gland to release E8Hcle stimulating hormone) and LH
(luteinising hormone) into circulation. These two hormones stimulate the testes and ovaries of males
and females respectively, and this process can be influenced by pregnancy, lactation and
contraceptive drug adminisation. Further details on the femalelephantendocrinesystem are given
inFig. 14

‘ Hypothalamus
Y
[t GnRH [

Pituitary

I ‘ gland

——+  FSH [ LH

Inhibin
‘ Ovary

‘ & maturation

x|
+ ‘ Ovulation

‘ Corpus Luteum Progestins

Figurel4 Schematic of the general female hormonal feedback systétin the oestrus cycle
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Analysis of circulating hormones and ultrasonography are both essential for the assessment of normal
reproductive health and reproductive tract pathology in both the female and the male eleibeat
Fg.12, 13 Hildebrandtet al, 1998, 2011; Brown, 2000)

The oestrus cycle

Female elephants are spontaneous ovulators, polyestric (multiple cycles every year) asehisonal
breeders(Luederset al., 2012) Luederset al. (2012) provide a welleferenced review of female
elephant reproduction, including detad ultrasonographic images of the various physiological
appearances of the female reproductive tract.

Unique to elephants is their exceptionally long cycle length ef 1@eeksgee kgy.15) and the double

LH peak that occurs during the follicular ge&Brown, 2000; Czekaéd al., 2003; Browret al.,2004)

The first LH peak does not cause ovulation but leads to formation of multiple corpora luganitii

the second LH peak leading to ovulation of the single dominant follicle and formatime atlditional
CL(Luederset al,, 2012) These LH peaks are usually2i®days apar{Brown, 2000; Czekakt al.,
2003) Only dter ovulation, all CLs will produce progesterone metabolite$ {Fogesterone, B-
pregnane3, 20dione and B -hydroxy5h -pregnane20-one)(Heistermanret al,, 1997) which are only
measurable with certain crosspecies laboratory tests. If fertilisation has occurred, these CLs will
remain hormonally active throughout the gestatidruederst al.,, 2012)
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Figurel5Model of thehormone secretion during thelephant ovarian cycle
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It is essential to monitor female elephant cycling activity. This can be done via blood, urine, saliva,
faeces andehaviourl observationgFiesst al., 1999; llleraet al., 2014) Exposing the breeding bull

to daily urine samples of the cow during the expected period of oegifbgaramet al., 2009)can
indicate the presence ofpre-ovulatory pheromones through belvioural displays of interest
(Rasmussen, 200 or detailed descriptioan how to monitorcycls,d SS R2 OdzyYSy i da¢ 2
2 0 KIerReR619) Appendixl or the EAZAElephant TAGharePoinpage

Female infertility

Due togood nutritional statén captivity, young female elephants caars cycling from as early as 3,5
years old(Hildebrandtet al., 2011) If repeatedoestrus cyclesn the absence of pregnan@ccur,
reproductive pathologiesmay more likely develop, which may lead in turn to infertility in young cows
(Penfoldet al. 2014;Hermeset al., 2004)

Infertility canalsobe caused by problems witlkegular cyclicitye.g. having irregular oestrous cycles or
the completeabsence of oestrous cycles (flat linefByownet al., 2004) Temporary or permanent
absence of oestrus cycles have been reported in captive Asian and African elephants of alpge gr
(Brown, 2000)and can be associated with seasonality, social stahmsmonal dysbalancesr
reproductive tract pathologief_uederset al,, 2012)

Postpartum period

After giving birth, elephant cows experience a period with no ovarian cyaiesyn aspost-partum
anestrus or lactation anestrus. This is due to the suckling stimulus from the calf, which induces the
secretion of the hormone prolactin from the pituitary gland. Accordingly, the presence of a suckling
calf determines the length of ghperiod until the first ovulation after parturition occurs again.

For the femaleelephant the first ovulation after birth,or postpartum ovulation, indicates the first
possibility for a new conception. In a study on European elephants-partum ovuldion occurred

on average after 40 weeka Asian elephants (range -717 weeks) and after 49 weeks in African
elephant females (range 111 weeks). However, if females give birth to a dead calf or if the calf dies
during or shortly after birth or is hamgkared and thereforas not suckling, the pospartum ovulation
occurs significantly earlier. A sumrgaf the data is given ifable6 below:

Calf alive and suckling Calf dead or handeared
Asian elephant 50 weeks 14 weeks
African elephant 55 weeks 36 weeks

Table6 Time between birth and pogtartum ovulation (from @rke & Heistermann, 2036

This data demonstrats that inter-birth-intervals in captive elephants can be much shorter than the 4
year interbirth-interval given for free ranging elephants if females conceive agairediately at the
onset of postpartum ovulation. Depending on the breeding managementd abreeding
recommendationthe postpartum estrusperiod can be used to have the covenceiveagain orelse
skipped in casewherebreeding must be postponed. Monitoring of reproductive status in the cow and
observation of reproductive behaviour of the bid important to detect pospartum ovulation and to
time the next conception accordingly.
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Male physiology

Mammalian male characteristics (anatomical and behavioural) and the production of semen
(spermatogenesis, activity of male accessory glands) aderuthe influence of testosterone.
Production of this hormone is regulated by FSH and LH release from the pituitary gland, and in
elephants this isnot only dependent on age but also on social rélnikcoln & Ratnasooriya, 1996)
Musth is the temporary stte of heightened sexual activity in the mature bull elephantl can last

from a few weeks to several months, with temporal gland secretion and antagonistic behavibar as
main characteristic€Dueret al,, 2016) Increased androgen secretion, especially testosterone, is seen
during this time(Brown 2006) Assessment of musth can be made either through detection of the
significant LH surge prior to the testosterone increfikaewmaneeet al, 2011) or noninvasvely
through measurement of the heightened testosterone levels in the urine and fd¥oeet al., 2010;
Ghosakt al., 2013)

Male sub and infertility

The fertility of a bull is dependent omaturity (age), bull behaviour angperm quality Testicular
development and activity are dependent on testosterone levels, and only aftepuyivertal testes

have grown to a diameter of more than 10 cm will viable sperm be proditi&teprandtet al., 2000)

Adult subordinate bulls may show reduced testicular size. Bulls that have been housed with the same
cows from an early age can develop a sexual disinterest in their herd mates, even after reaching an age
where sexual maturity is expecte@n the other had, whenlarger bullsare not present the first

musth can occur much earlier and male success can depend on the composition and comparative size
of available females.

The initial part othe ejaculate contains spermatozoa that have been stored in the dliaspuf the bull

has not ejaculated recently, the ejaculate will contain a high number of dead or dying §pésom,

2004) This highlights the need for multiple matings in natural breeding situations, and for obtaining
several fresh ejaculates if assiegp fertility microscopically and/or collecting sperm for artificial
insemination. Sperm quality is also reduced in aged Bimigat et al., 2014) In cases where chemical
contraception has been used for two to four continuous years, testicular developmviibe
permanently affectedleading to male infertility at a later ageyendespite cessation of contraceptive
injections (Luederset al, 2017) Where natural breeding is practised but does not result in
pregnancies, assessment of male fertility irdthg sperm quality is essential.

Conception

As already stated, availability of energy and body condition are the main factors responsible for the
time of sexual maturityThe age of puberty iwered by good housing conditions with constantly
available food of sufficienquality butmay be delayed under physiological and social strAs&n
elephants living in their country of origiim captivity, show a reduced age of puberty. According to the
studbook of Myanmar timber elephantsexual maturity is possible between 5 and 8 years of age (Mar,
2002) and in Pinnawal&ri Lankacyclic activity was detected by progestin measurements in blood in
females as young as 5 years of age (Meatd., 2017).

In European Zogyoung elephant cows arebée to show ovarian cycles aven earlier stage. It has
been demonstrated via urinary hormone analysis that Asian elephant females show ovarian cycles
from an age of 4 years onwards, whereas African elephant lesrstart somewhat later, from an age

of 7 years (Oerke, 2004). i§llata is supported by records of first births in both elephant species in
Europe. Asian elephant females had their first lsrtds early as 50 6 years of age, indicating
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conceptionat only 3to 4 years. African elephant females produced their first offspaitigjto 9 years
which means that they conceived at an age of ontg & yearsof age An overview of the youngest
females that reproduced in Europe is giverfable?.

As indica¢d in the Rble, the first offspring of many of these young females was sired by their own
father, or in his absence, by their héilfother. This demonstrates that zoos were obviously not aware

of the fact that females are able to conceive at such a yage In order to prevent inbreeding in

both elephant populations in Europe, zoos that are keeping the bull with the female herd on a regular
schedule must be prepared to either separate or exchange him. Asian elephant males must be
switched before daughtarreach an age of 4 years and African elephant bulls before daughters are 7
years old.

Asian: 1st age at age at
born Z00 : . :
name birth 1st birth conception
Wered* 1991 Ramat Gan 1996 5 3
Tierpark
Cinta* 2005 oP& 2010 5 3
Berlin
Kaveri 1984 Paris 1990 6 4
Homaline* 1995 La Palmyre 2001 6 4
Saphira* 2010 Hannover 2016 6 4
* mated by father ** mated by halfbrother.
African: 1st age at age at
born Z00 . . :
name birth 1st birth conception
Yoki* 1990 Ramat Gan 1998 8 6
Panya 2007 Halle 2016 9 7
Shara** 1978 Ramat Gan 1987 9 7
Lara** 1977 Ramat Gan 1987 10 8
Tammi 1987 Howletts 1997 10 8
all data: European Elephant Group, 20: 6 4KdDerke, 2020

Table 7Age of youngest elephafémalesat time of first birth in Europe

In contrast tahe onset of ovarian cycles in free ranging elephants, the first ovulation in captive females
usually results in conception if a fertile male is around (Oerke, unpublished).

Another scenario is evident for elephant bulls. TaBlshows the age of the youegt males that
reproduced in Europe. T$data provesthat Asian elephant bulls are capable to sire offspring in a zoo
setting when they are just® 7 years old. African elephant bulls start somewhat laitedto 10 years

of age. It must be noted thaniall cases recorded here the males were housed alone with fertile
females, spin the absence of another, older bull.
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Asian: born 700 birth age at birth age at successful
name 1st offspring of 1st offspring mating

Dubas 1960 Almaty 1968 8 6

Bacho 1999 Tiflis 2007 8 6

Winner 2002 [zmir 2011 9 7

Boy 1922 Munich 1932 10 8

Emmett 1991 Whipsnade 2002 11 9

African: birth age at birth age at successful
name born 200 1st offspring of 1st offspring mating

Pambo 1992 Wien 2003 11 9

Vauka 1953 Kronberg 1965 12 10

Abu 2001 Halle 2013 12 10

Yossi 1974 Ramat Gan 1987 13 11

Tusker 1992 Wuppertal 2005 13 11

all data: European Elephant Group, 2020 .
E . Oerke, 2020

Table8 Age of youngest elephamalesat time of birth of their first offspring in Europe

Due to the increasing number of bachelor groups for both elephant species in Europe, young bulls get
the chance tdoe withtheir peersandexperience adolescence and pubeirtya mannecomparable to

the wild. So farmost bulls being transferred from bachelor groups back into family herds proved to
show good social behaviour and became experienced breeders. In contrast to thieredidingability

in captivity is not linked to musth. Even though musth occurs in some, but not all males in captivity,
the phenomenon itself, the possible difference between Asian and African elephants, its relation to
female reproductive status and mating activity oéthull is still not fully understood.

Natural breeding

Courtship behaviour observed in captivity is similar to thiaich isdescribed in the wild precopulatory
behaviour including; olfactory cues, flehmen in the male, trunk wrestling, driving, lviolg and
attempted mounts. For copulation to be successful, it is essential that the female remainsatgtio
during the mountintromission is then rapidly achieved, lasting from®seconds. Matings take place
several times a day around the secondpddk of the female. Pregnancy rates can be enhanced by
leaving the bull with the cow throughout the oestrus peri@dylor & Poole, 1998as with multiple
matings the sperm quality will improv@mratet al., 2014)

Assisted reproduction (Artificial Isemination Al)

Artificial insemination (Ai¥ a technique, which can be used under specific circumssaAdeustonly
be conducted with full approval of the relevaBAZA EEP. Al is a specialieetinique that requires
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appropriate veterinary supporand equipment For more information sed¢dermeset al, 2007;
Thitaramet al., 2009; Luederst al., 2017.

2.4.2PREGNANCY

Pregnancy

The presence of ppgesterone and its metabolites in urine and feces will rise during pregnancy.
Prolactin increases markbdafter five to seven months and can be used for pregnancy diagnosis from
approximately 20 weeken. However, prolactin is not 100% reliable, asahalso increases during
pseudopregnancylLuederst al., 2019) Transrectal ultrasound examination between 8 and 10 weeks
in a standing elephant (or between 10 and 20 weeksamelephant in lateral recumbey) is an
important tool for pregnancy diagnass(see Appendixl EAZAVeterinary Guidelines for reproductien
related management in captive female elephgntdltrasonography can be a useful monitoring tool
for assessment of foetal development where appropriddesivset al., 2008; Brown, 2006).

Impending birth

It is useful to be able to predict thexpected date oparturition (birth) in case assistance is required
with the birthing process. As pregnancy length in elephants can vary betwee®9%28ays from the
day of the last mating, even with the same dam a combination of observations and erulogi@al
measuranents will be needed to predict the parturition daelildebrandtet al., 2006)

Physical and behavioural changes

In the later stagsof pregnancy, there can be a distinct development of the mammary glamd milk
production may occur. Salling of the ventral abdomen and around the vulva may be seen. As the calf
moves into the birth canal, faecal ball size may reduce, and urination will occur more frequently and
in smaller volumes. The mucoid seal of the cervix (mucus plug) will droghwulva.

Behaviourally, the cow may show restlessness, reduced appetitdence of discomfort, translated
in pacing, separation from the herd, beating the vulva with the tail and climbing the cables of the
enclosureg(Hermeset al.,, 2007)

Hormonal clanges

Impending birth can be indicated by changes in blood hormones, particularly serum relaxin which
shows a sharp rise just before parturition (Brow2006). Measuring blood progesterofevelsis one
of the most reliableand objective methods of prediaig impending parturitiofHermeset al., 2008)

Transrectal ultrasonography can supplement hormonal analysis for parturition prediction where
appropriate. By monitoring the cervix and vagifta disappearance of the cervical mucus plug,
relaxation of the cervixand dilation of the cervix caused by the progression of the allantois sac into
the cervix progression of events can all be observed. When the latter happens, parturition is likely to
ocaur within 12 hours.
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2.4.3CONTRACEPTION

The influence of contraception on individual physiology and behaviour is still to be stidieghore

information seedGnRhvaccine position papgr 6& [ dZSRSN&E YR hSNJ S é6HnmcoO
Contraception applicationshould only be considered after careful consultatiowith the EEP
coordinator.

2.4.4 BIRTH¢ see also the EAZA Veterinary Guidelines for reproduetitated management in
captive female elephant®\ppendix Il)

Labour and birth

Once labour begins, the cow becomes restless and attempts to change position, sidekicks, lies down
and stands up, and generally alters from normal behavibl@rmeset al., 2008)

A bulge under the tail, initially containing the fluid filled amniotic sélt,appear and this will steadily
become larger. As labour progresses, the chorioallantoic sac may rupture, leading to the discharge of
a large volume of fluid from the vulva. The antiii@ac, which contains more mucoid contents, will be
apparent as a bdge under the tail. This sac will rupture at a later stage, acting as a natural lubricant
and protecting the calf against pressure from the surrounding tissues. In nulliparous cows (those that
have not previously given birth), the calf will slide back foth in the pelvic canal until the hymen
ruptures. Eventually the calf will pass the caudal rim of the pelvis and with the aid of gravity slide down
the vestibule to pass out between the hind limbs of the cow.

Posterior presentation is the most commd&chmitt & Mar, 1996; Hermest al., 2008) The actual

expulsion of the calf can be rapid and be completed within a few miniitesmeset al., 2008) The

membranes of the amniotic sac can still cover the calf at this point requiring the dam to remove them
(Schaftenaar and Hildebrand?018) This may appear aggressive, with the mother rolling or kicking

GKS OFfF FYR LldzaAaKAY3a Al 6AGK KSNI KSFR® ¢KS&S | NJ
In an inexperienced elephant, especially one that hasgrown up in a breeding family herd, care

should be taken that this behaviour is not overzealous, as infanticide has resulted in such situations.

The matriarch and other experienced cows may separate an inexperienced dam from the calf until the

dam isless excited, as has been observed in the wild.

Parturition will normally conclude within one to two hours after rupturfetiee allantoic sac (Dastig
2007). If the amnidic sac is intact, there can be an uncomplicated delay in parturition with delofery
a healthy calf (refer telayed parturition and dystoci&sr overview of possible complications).

Nursing (suckling) is important to stimulate the oxytocin reflex of the dam, leading to further milk let
down and uterine contractions, which facilitatéhe passing of the placenta. The sooner the calf is
nursing, the swifter the placenta will pass whiatthe majority of the case®ccursbetween 510

hours postpartum. Placental tissues are used extensively in elephant research, especially witlsregard
to EEHV, and it advised to contacEEPvet advisorsprior to the expected birth to ascertain best
storagepracticesof placental tissue samples.

Although the development of the bond between mother and calf should be prioritisadre possible,
the umbilicus should be dipped in dilute iodine product and the calf should be weighed. Birth weights

61


https://www.egzac.org/home/viewdocument?filename=Statement%20on%20GnRH%20Vaccination%20in%20Elephants.pdf

EAZA Eleplm Best Practice Guidelines 2020

in captive elephants in Asia vary between®kg(Dastig, 2001gompared to 106120kg in western
countries.Meconium (first faeces) is passed amerefrom four minutes to three hours after birth.

Elephant calves stand up quickly buay struggle with the onset of nursing (suiclg), and some
assistance might be required. If nursing is unsuccessful, both the calf (suck reflex) and the dam
(mastitis, o milk, etc.) need to be examined. Umbilical hernias can also occur with some frequency
but usually heal over as the calf grows.

Delayed parturition and dystocia

Delayed parturition once labour has startem obstructed labour (dystocia) can occur in both
nulliparous and multiparous dams and can lead to the death of the calf and sometimes the dam.

There may also be a correlation between long gestations (or interrupted parturition) and the likelihood
of stillbirths Kurt and May1996). Typically, gestation is shorter for twi(SSchmitt & Mar, 1996)and

the secondcalfcan be born up to three months later than the first, especiiltill-born (Hermeset

al., 2008)

Possible causeasf delayed parturition and/or dystocia include

1 Ageat first birth: Most frequently dystocia is seen in primiparous females over 20 years of age
(Hermeset al., 2008) This may be related to an increase in pathological conditions of the
reproductive tract associated with uninterruptedepeated oestrus ates (Hermeset al.,
2004) and contributes to higher rates of stillbirths from older primiparous dams. Several
anecdoal reports describe the suffocation of the calf in the vertical part of the birth canal in
older, primiparous elephants due to the narlastic perineal skin and vulva in these elephants.

1 Maternal obesity Several studies have shown a positive correlation between maternal weight
at birth and calf weight, and between calf weight, prolonged gestaaiod stillbirth(Clubb &
Mason, 2002)Maternal obesity can cause narrowing of the birth canal from fat tissue deposits
in domestic animals.

1 Low blood calciumHypocalcaemia of the dam leading to delayed parturition has been
described in captive elephanfgan der Kollet al., 2008) as there will be inadequate calcium
in the blood to facilitate uterine muscle contractior@alcium rich diets during pregnancy are
therefore advocated Seechapter 2.2Feedingand Veterinary Guidelines for reproductien
relatedmanagement in captive female elephaimsAppendix Il

1 Malposition of calfAlthoughrare, it has been suggested that anterior presentations can lead
to dystocia more often than posterior presentations.

1 Malformations Gongenital deformities and malformatis caused by intraterine infections
can all lead to dystocia, as is the case in domestic animals.

1 Foetal deathSystemic infections that can affect the foetus include salmonellosis and cowpox
virus.

1 Scars from a previous vaginal vestibulotomy might feadystocia, but no cases have been
reported yet.

Dystocia intervention

Dystocia is hard to recognise based on behavioural changes only. Correct interpretation of the
progression of the parturitioyor lack thereofrequires ultrasonograph¢Schaftenaaand Hildebrandt
2018) Ultrasonography is a procedure that all adult elephants can be trained to gader
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In the case of delayed parturition, calcium levels might need to be corrected and physical intervention
may consist of transrectal massage of threvic roof and side wallgs wellas ofthe vaginain order

to stimulate passage of the calf aimdtiate uterine contractions (Ferguson reflex). The administration

of oxytocin to stimulate uterine contractions majsobe requiredbut the cervix must béully dilated.

If oxytocin is administered and the cervix is not dilated sufficiently then there is a significant risk of
rupturing the uterusin these casesgterinary advicanustbe sought; ultrasound scanning is the only
way to ascertain the dilation of the cervix.

In the case of dystocia with foetal parts ultrasonographically visible in the birth canal, surgical
intervention may be possible by performing a vaginal vestibulot@ingision of the wall of the vaginal
vestibulum, to gain access to the birth can#ljhe calf has died and cannot be extracted otherwise a
foetotomy (dissecting the calf within the dam and removing it piecemeay be necessary
(Schaftenaar, 2013)

Parturition protocol and preparation

A birthing plan must be drawn up well in advance of parturition and detailed records must be kept on
the progression of the pregnancy, parturition, and poatal period, concerning both the dam and the
calf. This plarshould encompass all possible scenariairfng bothday and night) and mitigation
strategies, considation ofhuman safety, and the health and wellbeing of the dam, calf and herd in
general. Essential elements of a parturition protocol, inclusive of vegyiinput, are:

1 Contact details for all staff involved, including veterinarians and reproductive specialists.

1 Mating/insemination dateandlength of previous gestations (if applicap#es themeanlength
will give an expected due dgteParturitionwindow is one month either side of the expected
due date.

1 Preparations requireihcludealternations to enclosures, parturition area, harehring policy
and formula if needed.

1 Agreed monitoring techniques for parturition prediction (ultrasonographiglood
progesterone product measurements, behavioural observations, physical chatigesys
and frequencyas well agnterpretation of test result&nd cetails of laboratories used.

1  Agreed monitoring during parturition (blood calcium levels, ultraseapy, and behavioural
observations), timings and frequenag well asnterpretation of test result@and intervention
during delayed parturition.

1 Intervention in case of dystociacludingpoint of first examination, decision making based on

various scearios, intervention methods, and engency druglosages (dam and calf).

Staff capacity

Equipment and site preparation

Dam management during parturition

Calf management after birth

Dam reproductive and general health (as well as that of the herd)

Resarchsamplespacking and destinatian

=A =4 =4 4 -4 4

The birthing plan should be an evolving document that builds on the experience of each birth and the
experience of other collections. It should be practicalpplicable and reflect current knowledge.
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It is stronglyrecommended thatollections with pregnant females and imminent births contact the
EAZA Elephant TAG, review the Veterinary Guidelines for reproductive management guidelines
(Schaftenaar and Hildebrandt 2018), as well as papers detailing obstetricplamris(Hermeset al.,

2008) The EAZA Elephant TAG have collecigeb footage of births and a DVD is available to review
prior to birth. For more informationplease contacEEP coordinators

Enclosures

All enclosures where the dam and calf are likely to be kepst be calfproofed well before the
expected due dateAll enclosure fixtures (permanent and temporary/enrichment) mostassessed
prior to birth for suitability and safety of the calf.

Insideenclosure:
Temperature contral It mustbe possible to have an area where the temperature may be increased
for new-born calves or if individuals are unwell.

Substrate The substrate in the calving area needs to be considered. A sanded floor or pasture wil
provide better grip for the dam during labour and for the calf ppattum. A variety of substrates
mightbe provided to allow the calf to develop and explore.

Feeders and watefThese features mst be at appropriate height farcalf to reachlf a poolis present,
it should be checkedo aso be safe for the calf.

Boundaries All boundariesmust be assessed, and eptbofed prior to birth. Calves should not be able
to access areas that could endanger themseltfeskeepers or visitors. There must be possibility
that a calf could become stuck in bars, electric fences or small gaps ptastbe noted that the
voltage of electric fences for adult animals may be harmful to-hew calves and thus an assessment
should be made of appropriate mitigation prior to birth.

Training and treatment facilitiesFacilitiesshould be designed and installed before the calf is born and
a training plan should be put in place.

Outside enclosure:
Boundaries mustbe calf proof as per above.

Shelter. must be provided to protect the calf in adverse weather and from extremes ofdrehtold.
Pool maybe provided but must be safe for calf to enter and leave.

Mud wallows: care should be taken that wallows are not too adhesive or deep to prevent a calf from
becoming stuck.

Management during birth
A cow with the following criteria des not require restraint during parturition:

- An apparently healthy gestation
- Is h an appropriate social environment
- Hasbirthing experience (hers or others in the group)

Chairingmustonly be considered where a herd birthaigsolutely not achievabld his may be justified
with an inexperiencegorimiparousdam that does not have other experienced cows within its herd or
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with multiparous cows that have previously shown significant aggressivartstheir calves. Staff
and elephants should be familiaiitivthe proces®f chainng, all required facilities should be present
(i.e. eyelets, floobolted rings) and at no time should human safety be risked during the birthing
process. Where necessatye calf should be removed, dried, examined, helped ongdéet and
introduced to its dam as swiftly as possible, to ensure appropriate bonding.

2.4.5DEVELOPMENT AND CAREYOUNG

For Asian elephants within the EEHV risk period (one to eight years old), it is essential to thoroughly

review the EEHV sectionees@ 9 dzZNB LISy NBO2YYSYyRIFI(GA2ya FT2N Y2YA
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It is essential that calves be exposed to herd life in their early years, to enable appropriate social

developmentand learning so that they may go onto be socially and behaviourally competent adult
elephantsin line with the mission of the EAZA Elephant TAG.

Opportunities must be given for young male calves to choose to move to the periphery of social groups
in a fesionfusion social system. They will spend increasing amounts of time with other males calve
and the breeding bull but shouktill have the opportunity to spend time (until appropriate) with the
female herd.

Female calves must remain with the natal hardi should not be separated from their mother. When
appropriate sub-groups of the matriline may be required to move to new facilities e.g. grandmother,
mother, aunt and daughter, although thisustbe done in line with recommendations from the EEP
and wih the social wetbeing of all individuals in the centre.

Records

Records must be kept, ideally on ZIMS (or other recognised record management sqftefare)
experiences that calves are exposed to so that future collections will be able to use this tidorma
should it be necessary. Examples of experiences include births, deaths, mating events and
introductions of any new animals.

Enrichment

The early years of learning for a calf are criti@atla whole range of enrichmershouldbe available
to the callesto encourage them to explordn well-established elephant familieghe calfhas the
opportunity to play with other members of the hewhichis enrichmenin and ofitself. The range of
enrichment provided must be suitable for the calf, bearing imdngafety (smaller animals not
becoming trapped) and sizen@nipulableby smaller trunks etc.).

Environment

Environmenshould be as complex as possilsl@rderto encourage natural behaviours in the calf e.qg.
foraging, bathing (water, mud, dustiligging and general exploration of their environments. This will
assist mental and physical development.

Assisted feeding

It is imperative that the calf remains with its mother (and family), as much as possible, to ensure any
bond formed is not lost and atinues to develop. In the case absence ofuckling, every effort
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should be made to encourage this and there are many cases of supplementary feediogrtbatur
alongside normal, but inefficient, sucig.

Colostrum should be given within the fidt hours, preferably when the calf is-&8 hours old, ideally

with colostrum milked from the dam. If this is not podsilfresh or frozen elephant plasma can be
administered orally within the first 24 hours. Artificiad horse colostrum can be used, elephant
plasma administered intravenoushyto the calf in a methodimilar tothat for a foal.Bovine nursing
bottles and nipples are suitable, with the nipple hole slightly enlarged to allow a steady drip when
tipped. Calvesnustfind a comfortable nwsing position, typically with trunks elevated or proppaua
something (i.ehanging canvas, hay bales). Sometimes covering the body up to the ears (face visible)
with a sheet or blanket may provide additional comfort to the neonate.

Whilethe Rl Y Qa afwayis considéred best (extracted by hand, using a breast pump, or with
oxytocin to facilitate letdown (Emamielson & Kinzley, 2008 several milk substitutes have been
successfully used for elephar{tdainkaet al., 1994).However, both carbohydrate fractions (Osthoff

et al, 2008) as well as lipid components (both size of dropletsfatty acid composition (Olsoff et

al. 2005, 200y, differ radically in analysed elephant milks compared with these species, so careful
modification or supplementation may be required to minimise digestive imbalances and maximise
utilization of these substitute milks. Furthermore, elephant milk contains high levels of glucosamine
and specific immunoglobulins (Takatsti al., 2017), which is Iy not duplicated by any ahe
common replacement milk§lonetheless, elephants have been reared on several formulae

1 Grober Company, Ontario, USA (www.grober.com) produces the most commonly used
elephant milk replacein North America and full instructions are provided with this. Two
versions of Elephant Gro are available, one formulated for African and one for Asian Elephants.
It is also recommended that a plan to reintroduce the calf to the dam should be drawn up.
There are instances of successful reintroduction after a period of up to 10 days.

1 SMA Gold (SMA Nutrition, Maidenhead, Berkshire, UK) was used by both Whipsnade and
more recently Twycross zoos with success; (N. Dormagrs. com.). The calves found it
palatable, and gained sufficient weight, though carastbe taken to ensure calves are getting
adequate nutrition (as outlined above).

I Salvana (Salvana Tiernahrung GMPH, Elmshorn, Germany) milk formula was used to
successfully hand rear a calf in Berlin £0chset al., 2001) However, while this formula
contained appropriate nutrient levels as determined from published d&&h, &hipsnade Zoo
found their calf did not drink enough of it to put on sufficient wei¢fAtachet al., 2007)and
Twycross found it appeared to cause a stomach upset (N. Dopeas com.).

Themost recentattempts with milk replacerse(g. Ostrava Zod,eipzig Zoo) usemtixture of Salvana

and horse milk replacelts compositionmimics the natural compositioaf elephant milk (mixture of

HKoO | fodzYAYy GK2NERS (GeL)Sé¢ YAf 1 dtalRMKHDwWedr, 84 SAY a
important to notice that the composition of milk (including fat) changesh time of rearing
(Abbondanzat al., 2013).

Somecaretakers of orphaed elephant calves add faeces to the milk replacer with the intention to
establish a gut fauna in the intestines of the cdliere is no scientific evidence that this works.
Elephants are hind gut fermenters, which means that the niiescadded in the food have to pass the
stomach, where they will be killed by the low pH. Besides, providing random microorganisms by mixing
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them in the milk replacer may result in intestinal problemistural "transfaunation” is a process that
beginsduring the birth. The vaginal microbiome is the first to colonize the-bew and will soon be
followed by the gut microbiome of the mother and herd mates due to "natural contaminat@ose
contact with other elephants should provide sufficient opporturstfer the calf to establish its own
proper microbiome.

Young calve may only be able to consumeb0Qlitre in a single feeding, fed initially on demand
(Emanuéson & Kinzley, 2002), evemyo hoursincludingnightfor very young calveélthough suckling
bouts may be short in motheneared calves (<2 min for African elephants), fingktakes place
frequently. Some research suggests much of the nursing takes place at night (Aredryw2005).
Targeed milk intake for newborns ranges between five argight litres per day. Calves require
between 600800 kcal per 100kg BMBy three months of age, the schedule interebfeeding nay be
increased to three hours. Small amounts of solid food such as hay and otheelagiant feeds may
be of intered to the calfas early as one or two months of age (Emanuelson & Kinzley,, 2@@3ver,
these are mainly the result of copying of adult behaviour than proper solid food intake

Rigkerk et al. (1993)provide an analysis of Asian elephant milk taken monthly after the birth of a calf
that demonstrated higher fat content than previously published data, although fat content was also
variable and high (4 to 12%, wet basis) over 280 days of lactation, cedthfmaanother study (Mainka

et al., 1994). A more recent and comprehensive longitudinal study (Abbonddrata 2013) of Asian
elephant milk composition showed that fat content of milk continued to increase up to 30 months of
lactation, while protein ad carbohydrate contents remained stable or slightly decreased, thus
providing a more energetically dense milk for thewirg calf. This informatiosuggessthat differing

milk compositions, corresponding to difent life stages, have tbe considered fooptimal assisted
feeding of elephant clwes

At eight monthsFlachet al. (2007)introduced a feed of desiccated coconut, oatmeal, Horse and Pony
pellets (Clarke & Butcher, Soham, UK), calcium carbonate and an equine vitamin/mineral supplement
(Equivite Original, Spillers, Milton Keynes, UK). Hay and grass were available as faltsh&laid calf

was weaned by 18 months (with the milk intake reduced over six months) and was on an adult diet a
few months later. Although calves nurse for up to three to five years in nature, they can certainly be
successfully weaned with no apparenioptems by two years of age; suicky until older, however

(even if with just water) may be important for wdidking of the individual.

Published growth rates for har@ared calvesary between rapid growth of 191,2kg a dayRigkerk
et al,, 1993;Reuther 1969)to dower rates of 07 kg/day(Flachet al., 2007) averaging as much as0,
kgday during the first year. Motherearedcalves in captivity vary from 4 kg/day(Andrewset al,,
2005)to 1,1kg/day(Rigkerket al., 1993) Optimal growth rates are not known, as thes@o published
data from the fieldlt is possible that ifjrowth rates are not optimalthis may result in health issues.
Therefore, more research is needed on growth rates and theceéfiebirth weight andcaptive diets
on these rates.

Training
All calveshouldbe trained by one year of age in Bgtem, to achieve the following:

1 Examination of mouth, ears and eyes
1 Weighngand,if available, measuring body temperature
9 Foot care
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Intravenous access (blood collection, injection)

Rectal access

Acceptance of intramuscular injections

Acceptance of ultrasound examination

Trunk washes for disease screening and clinical monitoring e.g. tuberculosis, herpes virus
For more details on tiaing seechapter2.6.2General handling

= =4 =4 4 =

2.4 6 HAND-REARING

Handrearing is not recommendednd must be conducted with the full approval die EEP
coordinatoronly. If necessary, assisted feeding can be provided to ease the start of the calf and mother
(for more detils see previous chapter25 Development and care of youngAssisted feediny

2.4.7POPULATION MANAGEMENT

The BAZApopulations are managed by the Asian Elephant EEP and the African Elephant EEP. The EEPs
are under the auspices of the EAZA Elephant TAG whose mission is as follows:

G! TNAOFY FyYyR !'&@ALYy StSLKIyida | NB 7 finledusakoh add & LIS OA ¢
raising conservation awareness. The TAG seeks to establisusaihing and genetically diverse
populations of elephants in EAZA zoos, promote excellence in all aspects of management and welfare

of these iconic animals and develop tkowledge of elephant care professionals. The TAG will
YFEAYA&AS GKS O2yaSNIIGA2Yy &adzZLR NI FyR NB&aSINOK 7

In line with the spirit of EAZAIl participating zoos are partners, whether they hold a breeding herd,
bachelor group or geriatric female groapd @moperation with the EEPs and the TAG is essential.

Both EEP programs have Leéfegm ManagementPlans (LTMPYescribingthe demographic ad
genetic population management strategy for the EEP populatichuding strategies for research,
husbandry developments, education and conservation activities, Téte.latest version of LTNFor
both species can be found on tlE\ZAEIephant TAGharePoint

Goalsof populationmanagementn Europeare similarto other regionalexsitumanagemenbreeding
programmesalthoughthe specifiassuedacedmaybe different. Closecooperationwith other regions
isessentialn all matters(e.g.the exchangeof bulls).

The sexual maturity and the successful breedifithe herd as a consequencis,not only depenént

on the age and physal health of the individual, bulso onthe structure of the social group and its
experience regarding mating, births and the development of yolihgrefore, thenatural pattern of

the movement of the different sexan an elephant herds mimicked byhe way elephant transports

are recommended in the modern elephant EEP management. In practical terms, it means that a female
and her female offspring should never be separated shwolld be the base of family units (which
include mothers and daughters witiffspring).

Males and femalesare born in equal numbers, thereby presenting a challengeerefore, ollections
develop facilities which allow young males to stay within the natal collection (not necessarily a
breeding herd) until a much later age (12+ years).

The understanding of the dynamics of bachelor groups is la¢dpful for our managed programis
order to deal withindividual males that are in need for suitable placemdntis of the utmost
importance that bachelor herd facilities for each species to be developed further; these facilities will
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act as a genetic reservoir but also as an oppotyuioir the development of necessary social behaviours
between bulls.Bulls should be kept in a bachelor facility both when first leaving the natal collection,
and subsequently when they are noteded in a breeding situatiofhe facility should not prinrdy
function as aetired-male facility, but as a component of the genetic reservoir of the population.

As part of the EAZA EXx situ Programme (EEP) strudtere,dre various population managemenbts
available that are important to maintain viable and healthy populations. This includes (temporarily)
preventing breeding of certain individual animals through temporarily or permanent contraception
(seechapter 2.4.3, keeping males and females segar&o prevent mating during the period when

the female is in oestrous, maintaining bachelor group for-bogeding animals and applying a breed
FyR Odzff AGNI GS3e 06 aSBtpsT@Nledra. rigtfasydts/UpldalisiPhsyfigh a G I G S
statements/EAZACullingstatement.pdf). These tools each come with different pros and cons that
need to be taken into consideration when an elephant holder is requireddke decisions to avoid
elephant population to grow beyond carrying capacity. It is important that elephant holders follow the
breeding and notbreeding recommendations of the respective elephant EEPs and that they do not
use any of the population managemgools without prior consultation with the EEP coordinator.
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2.5WELFARE ANENRICHMENT

Elephant social organisatioand behaviour is complex. There is a griestus and move towards
creating related, sociallyompatible herd structuresTheproper sodal life ofanimals § essentiahnd
of higher value than any enrichment humanan provide. Neverthelesthere are some key points
that should be remembered when considering captive elephant behaviour and welfare:
A Elephants have a large behavioural repee.
A Elephants are highly intelligent and demonstrate learning and problem solving, as well as social
intelligence.
A Calf development through play and social exposure is essential teéomgbehavioural well
being
A Elephants can have large home ranges and roam over large distang2g8Kg/day) in order
to exploit resources.
A Elephants are generalist/opportunistic feeders evolved to be adaptive and flexible in order to
cope with a variable/unprediable environmentand diet
A Captive elephants generally seem to sleep in short bursts, totalling about three to four hours
sleep per nighbnly (Walsh 2017).Thus,elephants continue to be active after the public and
keeper staff have left (e.gHorbacket al., 2014; Walsh, 2017 herefore, collectionshould
work towards achieving a normal behavioural repertdiircluding feedig) throughout the
full 24-hour period.

Although we tend to think about behaviours which may indicate a negative welfare state, it should not
be forgotten that there are also behaviours that can be used to indicate a positive welfare state. In
particular, behaviours such as social play andiaocontactcan be seen as indicators of positive
welfare. Behavioural indicators of negative welfare include abnormal repetitive behaviours such as
stereotypies and excessive anticipatory behaviour.

Expression aftereotypies in zoo elephants is highly variable between individuals. For example, a study
of elephants in UK zoos recorded stergaityrates over 24 hours of@0,8% of activity budgetHarrs
et al, 2008a,b). This likely reflects the complex histories of some animals (e.g. wild caught individuals,
rescued individuals, complex health status, limited social experiencegraptiasizeshe importance
of managing their welfare on an individual basis, ensuringScalv | N8 6t S G2 RS@St
behavioural repertoire and grow up to be bekaurally competent adults

It is importantthat zoos work to understand the causes of any stereotypies performed by their
elephants, rathertian just focus on stopping ithisis because stereotypies are complex and difficult

to stop once they are part of an indivkR dzl £ Q& S a i | 0 Thard iK & heeddoukKdergtdn@ dzNA
what caused the behaviours to initially develop, both to assist in avoiding their development in the
future in other elephants within the facility (as this is likely easier to do than stop already present
stereotypies) and to help ensure that any actions taken or changes made to reduce existing
stereotypies do not inadvertently cause more stress to the iddi.
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Physiological indicators of elfare

Physiological indicators of welfare are based around hormones, particularly those associated with
anxiety or stress. The most common are glucocorticoids, hormones produced by the adrenal cortex,
which increase d@imes of stress or excitemen&lucocorticoids can be measured lodd, saliva, urine

(to be collected at the same time of the daly) zoo animals, these hormones are most often measured
from faeces (as these samples are easiest to obtain); howeverchises problems due to the time
taken to pass throug the body prior to excretionA faecal glucocorticoid result can only provide a
level for the previous approximately 24 hrs rather than for a specific point in time. Faecal glucocorticoid
metabolites ae what is actually measured, and these are usually a composite of levels present in the
animal over a number of hours prior to sample collection. In addition, for most species, including
St SLKIydaz | Wy2NX¥If NIy3aSQ isierefddé admliengrdy Mmlkio® 2 A R &
whether an elephant is exhibiting levels of glucocorticoids within normal range or indicating stress. It
is important to considethat excitement can also trigger glucocorticoid production and therefore
important to assess the environment and events around the elephant which may be causal factors.

Health as an indicator of welfare

Health parameters can also be indicators of waedf For example, animals that are experiencing

negative welfare can also experience compromised immune functiod therefore be more

susceptible to injuries and illness addplay other indicators of poor healife.g. irregular oestrus
cyclesreduced nuscle tone and definition, decreased flexibility in locomotion and movenemd,

failing to appear bght alert and responsiye Similarly, poor health can reduce welfare, for example
GKSNBE Al OlFdzaSa LI Ay 2NJ NBa ik behaviousKS A Y RA QA Rdz f

Good veterinary and health records are essential in allowing the identification of individuals who
maybe prone to repeated instances of the same issue or to a high number of veterinary interventions.

In cases such as theseis impdNIi | yi G2 NBGOASE (KS(e.s boSidldant physioad Sy G A
environment as well as exposure to disease and pathdgensrderto ensure that potential triggers

are not missed.

Enrichment
Enclosures should be designed to provide a flexitenplex environmenwhich promotes cognitive
challengson a dayto-day basis and the opportunity to express a wide range of behaviours.

In addition to good enclosure design, environmental enrichment is an important tool for further
providing captiveelephants with stimulation and encouraging them to exhibit a wider repertoire of
behaviour. Enrichmenghouldoccur throughout the elephant enclosure (indoors and outdoors) and
be part of the daily routine. Enrichmeshouldbe goal based, recorded and dwvated.

Enrichment should be viewed as one husbandry principle to be used in a holistic husbandry portfolio
to cultivate positive welfare. It is not the only solution to solve behavioural problems or to improve
welfare. The enrichment programme shoulddesigned proactively to prevent problems from arising,
rather than only reacting to problems. It is also important to be aware that some activities that may
seem to be enriching, when evaluatedayturn out to not be so.
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Behavioural enrichment strategg should stem from our knowledge of the biology of the species in
the wild (Shepherdson, Mellen & Hutchins, 1998Jhen considering the design of an environmental
enrichment project, several poistare worth considering that relate to elephant behaviour:

A Sturdiness and safety Elephants, as physically strong animals, require enrichment which is
resistant to damage and safe for them to interact with. This may change with life @apge
modifications may be needed to make enrichment safe for calf interaction

A Control/choice Animals may benefit greatly if they have some form of control and choice
over their environment. Control and choice have been identified as a crucial element of
positive welfare across a wide range of speeeg. Kurtycz, 2015)

A Reinforcement Enrichment devices will only work over the long term if the attraction of the
device lasts beyonthe initial period of noveltyReinforcement is criticadnd the elephant
needs to receive a positive experience from the interactioris T9imost obvious with food
rewards; for example, an animal may play with a ball for the first five minutes or so and soon
ignore it, however a ball that delivers a feed reward during play will hold theladinf & | G G Sy { A
for far longer.Other (nonfood) rewards should also be utilised where possilkffectiveness
of rewards is specific to individuals and may change with life stage or social status.

A Predictability: Positive stimuli occurring in an unpredictable fashion both temporally and
spatially are ofgreater benefit than when it is predictable (eBassett & Buchana8mith,
2007)

A Neophobia On the other hand, simalsmight exhibit fea (e.g. demonstrated through alarm
behaviours, avoidance behaviours) of new objects, particularly those that are completely
unfamiliar to them. This can mean that novel enrichment items are at first ignorechagr
even ilicit stress or fear responsedhese responses will vary according to individual
persondity and herd social dynamicsinitial neophobia should not prevent the
implementation of a broad and diverse enrichment programme, however it is important that
responses to enrichment are monitoredagavaluatedOften neophobia will decline over time
as animals are exposed to the novel item and given the opportunity to explore it in their own
time. Such experiences may also be important for building individual and herd resilience to
minor stressors s they provide opportunities to experience and learn to cope with novel
situations and stimuli.

A Any enrichment should be set up in such a way as/tiid competition within the herd(e.g.
it must beaccessible by multiple individuals

Goals for arenrichment programme can vary from broad aims, such as occupying time, to trying to
increase a specific behavio{gee Table P Whatever the selected goal, it should have a direct benefit

to the animal and encourage speciagpropriate behaviours oreduce undesirable behaviourdn
addition, an enrichment programme goal may also focus on other elements of zoo husbandry such as
increasing public visibility and visitor dwell time for a species, as long as it also promotes good animal
welfare.
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Behavioural goal

Enrichment provided

Equipment needed

Increase positive social behaviou

between individuals

Activities which allow elephants to intera
together e.g. large wallows, sand mounds, poq
large browse piles etc.

Normal elephant resources arranged in such a\
to encourage elephants to socially interact in
positive way, e.g. large browse piles ¢éncourage
group feeding, sand mounds arranged to encour;i
appropriate group sleeping etc.

To encourage elephants to use the
trunks more, and increase feeding tin
through cognitive puzzle solving

Multiple feeding devices that encourage truf
manipulation e.g. hanging long tubes filled wi
variety of food with holes for browse to b
inserted requiring problem solving an
experimenting to be able to remove it. Hangi
fire hose weaver with fruit pushed into the gapg

Puzzle feedetrsrowse, hayfire hose

To encourage cognitive thought

Appropriate positive reinforcement training (
behaviours required for health and welfal
monitoring.

Training plan for each elephant that contai
discreet individual training goals specific to t
needs of thaanimal.

Encourage species specific behaviol
such as sand bathing or dusting
promote good skin health

Sand to dust with

Sand and water (hose/sprinkler)

Encourage species specific behaviol
such as bark stripping

Fresh cut large trees stood indoor or outdoor
enclosure

Fresh cut large trees

Encourage species specific behaviour s
as mud wallowing to provide exfoliatio
and protection to elephant skin

Mud wallow that is accessible to elephants w
mud that is appropriate for purpose ambt too
sticky.

Mud wallow, water
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Encourage physical exercise to build tru
musculature

Suspended hay nets at varying heights

Hay nets on automatic and manual winches

To encourage species specific behavio
such as bathing and swimming

Pool that is deep and large enough wit
appropriate entry and exit to encourage 4
animals to use

Pool

Encourage exercise and physical activit)

Variety of substrates which can be routine
moved around to alter topography

Substrates, machinery to sculpt topography

Encourage species specific behaviol
such as scratching to help to exfoliate sk

Large brush heads attached to objects
enclosure. Large rocks which can be routin
moved

Large brush heads, large rocks, heat lamps
elephantcontrolled showers

To encourage elephants to use nov
objects and express nhatural behavioy
such as scratching

Hanging objects

Trees, fire hose, rubber balls, barrels, broom heg
vertical mobile tree trunks

To encourage smelling behaviour al
investigation of faeces Wi trunks

Provision of faeces, especially beneficial prior
introduction of a new elephant or breeding

Faeces from another elephant

Increase foraging time and encourage t|
elephants to walk and use more of th
enclosure

Natural substrates such as grass, can
manipulated by special grass and herb n
Scatter feed

Food taken from daily diet

Increase foraging time, encourag
elephants to display natural feedin
behaviours

Large tree trunks added to their enclosu
frequently

Large tree trunks

Increase foraging time, reduc

anticipatory behaviour

Big browse pile that allows for social feeding &
multiple re-visit opportunities

Large quantity of browse

Increase feeding times and encoural
digging behaviour

Bury food in the sand, either directly or with
tubes.

Hand shovel, paper bags, cardboard tubes i
digger
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Increasing feeding time for the individu
elephants to reduce anticipaton
behaviour around electric fencéncrease
trunk manipulation.

Large bomer balls in low or high feederg
hanging plastic barrows filled with higher val
food items

Large boomer balls, training biscuits

To encourage elephants to display natu
feeding behaviours, increase feeding tin
and reduce anticipatory behaviour ia

specific part of enclosure

Hanging tyre with fire hose weaved across ty|
Preferably do not use a chain, as several bulls h
fractured a tusk while playing with a tire on
chain.Fill with hay and a variety of other food the
enjoy.

Hre hose, haytraining biscuits

Table 9Examples of goal driven enrichment items for elephants
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2.6. HANDLING

2.6.1.INDIVIDUAL IDENTIFTI@N AND SEXING

In addition to the use of microchips (implantation subcutaneously behind the left FEgr; B),
St SLKIyidia LNROBARS | GFNARSGe 2F @radzt OKIF NI OG SN
for the latter are as follows:

1 shape of the pinnae in combination with unique slits or teéheg areoften presentandor
characteristic conformatio of the margins (Fid.7).

1 shape and conformation of the tusks (FIg).

1 shape of the backbone (Fif9).

1 conformation of the tail endKig.20).

1 depigmentation patterns (exclusiveily Asian elephantssig. 2).

According to our experience, most individuals can be easily idenkbfisdd orthese traits.

Fig. B Location for the implantation of a microchip behind the left ear.

Fig.17 Shape of the pinnae with individually unique slits or tears.
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Fig. 20various conformatiosof the tail end.

77



EAZA Eleplm Best Practice Guidelines 2020

A
Fig.21 Depigmentation patterns are mainly present in the head region and occur exclusively in Asian ele|

The African as well as Asian elephant species express a pronounced sexual dimorphéso (bee
morphological data given in sectidr2 Morphology). Being aware of the corresponding characteristics

is very helpful if the urogenital opening cannot be inspected from up close or when evaluating a
pictorial document. The sespecific characteristics mdecome pronounced only in adult elephants
and are not yet obvious in juvenile and sadult individuals.

Visually detectable sespecific characteristidgsclude

- conformation of the urogenital opening (Fi2R)

- shape of the forehead (Fig.3)

- shapeof the trunk basis and tusk conformation (F2g)

Exceptions of these patterns may occur.

Fig.22 In male elephants the urogenital opening has a r"(‘)'udkéhépae énde’sted cranially (parallel to the ventra
abdominal wallseeleft). In females the opening @iented moredistally and has a pointedval shapegeeright).
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Fig. 23n African elephants the shae of te forehead is Ies rounded in females (a) combared to males (b).
Asian female elephants do show much less prominent domes on their forehead (¢) compared to males (d).
In generalthe skull shape is more pronounced in males compared to females.

~ <

i. 24In male elephants (b, d), the trunk tme;ncludin'ghe sulci of the tuskss of similarwidth to the interocular

distance and tusks grow in a laterally orientated direction. Contrastingly the shape of the trumis ffaisless
pronounced in female elephants and tusks grow nearly parallel to the tran®) (

Photo credit in this chaptemwhere not indicated differently copyright Christian Schiffmann.
2.6.2GENERAL HANDLING
The only recommended method of handling elephentzocsis via Protected Contact (PC).

What is Protected Contact?

Protected contact ia style of managementvhere all contactvith the elephantis performedthrough

a purposéully built protective barrier. Protected contact training is achieved through positive
reinforcement techniques using targets, food rewards, boglgsitioning and the voluntary
participation by the elephant. The elephant and elephant staff do not share the same space; except
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under certain conditions where restricted contact (RC) is required as a management tool within a
protected contact system.

Direct contact with an elepharin restraints (ropes or chains) is natnsideredorotected contact; it

is restricted contact. This is when an elephant, for example, isnplatur restraints during a specific
procedure such gbut not limited to EEHV tretinent of calves, transport or rectal examination in an
elephant restraint device (ERD) or artificial insemination (Al).

Restricted Contact procedures must be individuallyassefsedsk and carried out by experienced
elephant staff.

Why is Protected ontact Modern Elephant Management?

Protected contat is beneficial fothe safety otboth elephants and rgsnsible staff as itemoves any
necessity for the keepers to maintain a socially dominant relationship over the elephants (Desmond &
Laule, 1993)This may have social implicatigifer example by encouraging positive social cohesion,
increased relationship bonds between the elephants and an increased behavioural repesire
negative consequences to behavioural expression are removed (Desmdraiil&, 1993, Veasey
2006). Additionally, reduction in aggression and conflict between elephants have rbperted
(Desmond & Laule 993 Maddox, 1992).

For more detailsseé¢ 9 ! 2! LJ2aA A2y adlFiSYSyd 2y GKS 9@2f dzi A
MembS NJ Y& PAZ AbElephant TAG SharePoint

Principles of protected contact

1 The elephant can exhibit choice over participation with training.
9 Positive reinforcement is the primary technigue used
1 In case of undesirable behaviour, ignoring the behaviour is the most effett@tbod of
response. Implementing @ime outé may reduce uncooperative behaviour of the elephant.
This is the only form ofpunishmeng that is acceptable withina PC systemPhysical
punishments for norcompliance are unacceptable.
PC tools

1 Body languageelephants wiltake cues off of the trainer@ position, posture and behaviour.

9 Training targets targets should be lightweightwith an appropriate length to ensureit is
possibleto maintain distancebetween keepers and the elephants they are working with.
Generdly, targets arebetween 1,2m¢ 1,6m long although longer or shorter variations are
appropriate depending on the access an elephant has to keepers througipratscted
contact barrier.

1 Positive reinforcement positive reinforcementvia rewardsis the primary techniqude.g.
food) andshould be correctly presented to encouradevelopment ofdesired behaviours.

91 Bridge averbalcug clicker ot in some casesvhistle are all examples of acceptable bridges
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1 The PC wallbeneficial to achieving healthcare standards in @@hsider the following when
designing the wall:
1 Positioning
1 Port position and flexibility (animal comfort)
9 Structure of the elephant group e.g calves with mothers, heightf foot ports for
older animals
9 Visibility between elephant and trainer

9 Protected contact wallsThe walimustbe of appropriate dimension® allow the elephant to
be moved and positionenh orderto suit the behaviour beingained. Dimensiosaof 9m long
and 35m high (p to 4m for aradult bul) arerecommended

1 The inclusion of adogleg in the wall allowdor easier access to back feet.

1 Multiple walls andwall lengtts will give more flexibility during the creation of husbandry
routines.

1 Trunk versatility should be considered: African elephants are more versatile with their trunks
andcanpassit through relatively tight areas. Asian elephants are less flexible watin ttunks
andsoaccesspacefor conducting behavioursan be slightly wider.

9 Areas to which the elephant can reashouldbe clearly marked andll persons that enter
those areas in the presence of an elephahbuld beeither appropriatelytrained stdf or
under supervision cdppropriatelytrained staff

Figure 25iagonal bars radiating from centre of the PCweall @St +f 6 S

Formore advicepleasecontact the TAG and/or training advisors of the TAG
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Staff safety around PC walls

Designated safety lines should be in place at all PC barriers. The safety protocols desbiped
SyadaNE GKIFIG 2Nl Ay3 gA0GKAY (KSaS fAySa NBIjdzaNBa
demeanour and position. These areasstbe tidy, and surfacamnustnot present a slip risk even when

wet.

Figure 27Specially designed mouth and tusk inspection windows, to maintain fuctional and safe health check
procedures in high risk situatiorgsMartin Kristen
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Theory of training

Behavioural science shows that the two types of associative learning applied most successfully to
animal training are operant conditioning and classical (Pavlovian) conditioning. Alllsarneae
through both methods. Operant conditioning is used to teach a new behauauvever, trainers

should always be aware that classical conditioning would be occurring concurrently.

Definitions

Classical conditioninghe animal learns theelationship between two stimuli as predicting something
pleasant or aversive. The animal is not learning a new behaviour but will respond in a reflexive way to
the stimuli. A neutral stimulysnitially incapable of eliciting reflexive responses (behargpacquires

the ability to do so through repeated pairing with other stimuli that are able to elicit such responses.
This type of conditioning does not involve any voluntary choices by the animal and is descrébed as
G aidAXNER dR y a S Bip, ddiBet behdviodr 6 automatically triggered by the stimulus.

Operant conditioning the animal learns the association between its actions (behaviour) and the
consequences. There are two main types of consequemesgorcing (strengthening) and punishing
(weakening) A kehaviour is strengthened if followed by the addition of a stimulus the animal desires
(known as positive reinforcement) or the removal of a stimulus the animal does not desire (negative
reinforcement). Likewise, behaviour is weakened if fo#d by the addition of a stimulus the animal
does not desire (positive punishment) or the removal of a stimulus the animal desires (negative
punishment). The animal learns which behaviours enable it to best succeed at gaining positive
reinforcers, either by acquiring pleasant, desired stimuli or avoiding unpleasant stimuli. Thus, the
FYAYEFE G2LISNIGS&aég 2y GKS SY@ANRYYSyGs tSFERAYy3I (2
asad NB a L3AlyaayXizt dzahép, adltBetbehaviod i§ ot automatibyatriggered by the stimulus.

The most common term in zodkat referes tothe process of teaching new behaviours through
operant conditioning isiPositive Reinforcement TrainibgPRT). PRT is an important management
tool, and has many benefits for ugezoogDesmond and Laule, 1998nes and McBride, 2008; Pryor,
2002;Laule and Desmond, 1998are and Sevenich, 2001t is important to remember that every
interaction between an animal and a human is a training experience. This is particulargnteier
animal caregivers who should be consistent in the use of PRT methodsoirttedir interactions
whether they are formal training scenarios or not. Other forms of learning are also utilised in animal
training programmes, notably habituation amésensitisation, with or without countezonditioning
(Pearce, 2008

Reasons for training

1 Improved husbandry

1 Enrichmenfor the elephantastraining can be used to increase activity levels and solve specific
behavioural issues (Ramirez, 1999).

1 Improved eterinary access
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=A =4 =4 =

Safe working practices

Live animal demonstrations and eveligee Demonstration guidelin@s AppendiXV)
Supportingdevelopment ofconservation technology and research projects
Achieve conservation educatigoals

Training programmen general

The training programmehouldgive information on:

=A =4 =4 4 A

Overarching aim/goals of the programr{eg. veterinary access, conservation education
Identify trainers (staff)

Identify individual elephant (séadividual training plamelow)

Identify howtraining is evaluated and reviewed

Risk assessments for training programme

Individual training plan

The individual training plashouldbe designed specifically for each animal. As a living document, the
individual training plan requires regular revidat least annually) and should consist of itemised
specific training goals. The training pkmouldspecify behaviours that each individual requivesich

may vary between individuglslepending upon situations such as health status. The individual plan
shouldcover how health monitoring will be achieved for each animal specifically, through a series of
training goalsTraining plans should account for life stage of the elephant.

Behaviours whicradult elephants(over 8 yearsshouldbe trained for:

=

=A =4 = =4 =4 4 4 4 -4 =9

Examination of integument, mouth, ears, eyes, feet

Ability to perform foot care as required

Body weight and body condition scorjng line with protocols
Health monitoring photographs (e.g. body and feet) and scoring
Intravenous access

Rectal acceséncluding for ultrasonography)

Acceptance of intramuscular injections

Acceptance of ultrasound examination

Trunk washes for disease screening and clinical moniteirgg tuberculosis, herpes vifus
Restraining
Crate training
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Calf training

Dailypositive interactionsevenif only a few momentsOt y 06 S3Ay @GSNE SFENI & Ay
the correct infrastructureand can provide a good foundation for later training From birth,
desensitisation tgresence okeepers,including viesmelling,touching and playing next to keepers

builds trust.

Structured training should start at about 4 months of age. Traimngt fit into a regular slot during
the morning routine and it should not exceed more than 30 minutes per sesSiaating positive
relationships between staff and young elephants can be very quickly compromised adddined

outcomesshouldy S@SNJ 32 o6Se2yR GKS @&2dz/3 I tfus anlapptdach O LI

of short but frequent sessioris often best.

Confidene of themother and that of the calf in the training procesaist be maintained.n initial
stages, he calfmustalways be able to return to its motheand atlater stages, at least be able keep
contact with her Attempting to close doors or bars will be aslis if the young elephant is not ready
to progress. Thareas for contact with calves aceucial, and flexible baierswithin the adult areas
have proververy effective to promote the increased contact required.

Behaviours whiclcalf (1-8 years)shouldbe trained for:

1 Examination of integument, mouth, ears, eyes, feet
Body weight and body condition scoririg line with monitoring protocols
Health monitoring photographs (e.g. body and feet) and scoring
Intravenous access
Rectal access
Acceptance ointramuscular injections

Acceptance of ultrasound examination

=A =4 =4 4 =4 -4 -4

Trunk washes for disease screening and clinical monitdeiigg tuberculosis, herpes vifus

Blood sampling

The use of 10% lidocaine creams has improved the comfort of the eleghaitg blood sampling
procedures,and the use of small gauge 0.3ml diabetes needles has worked well for regular EEHV
detection sampling. Using microwavbeanbags to warm the back of ears for a few minutes increases
the chances of a good sample using needles or lancets but does appear to increase the sensitivity for
the elephant.
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Rectal access

Allowing the tail to be handled and initial access to thetuen can be started from an early age. It
should be possible to lubricate and insert a small diameter soft {dbe& 45cm) into the rectum for
administration of antiviral drugs in solution if required by-1® months. The dose rate may require
slight inceasego contend with some absorption into the faecal matter and solution volumes should
be low (100ml or less) to reduce the chance of the drugs being pushed out. Adatiorsafter the
animal has defecated is also an advantage. The traditional rakingf éaecal matter is unlikely to be
safelypossible within the timescales required for herpes remediation. The use of resttaitiold
elephants in position will be unlikely to yield positive results, and training may be an ineffective use of
the time spent with the calf.

Sub cutaneous injection

It is possible torject small volumes (@ml) subcutaneous$y with the correct preparation and
experienceand in the appropriate circumstancdsarge needles should be avoided in young animals
and positioningaway from thick skin areas will assist in delivery.

Oral inspection

Is possible from an early age (two to four monttesfonduct an oral inspectioandit becomeseasier

as the calf begins to become interested in food iteassially between three to fivenonths. This allows

for daily temperature collections using a laser thermometer to build up a pattern of normal range for
the calf. Desensitisation to torches and camera flashes isalseficial

Weigh bridge

It is possible to use the adult weighing scales to weigh the calf. For Asian elephant calves, especially
when treating EEHV, the installation of an accurate weighbridge displaying 1kg increments should be
included in the calf treatment area as the depressaf growth may be an early indicator of an issue

for the young animals.

EEHV treatment
Further information on EEHV treatment can be fouimdchapter2.7 Veterinary
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Basic husbandry behaviours for working elephants in Protected Contact (PC)

The useof a positive reinforcement training technique is common to all elephant training in a PC
setting.

The following recommendations can be useful when starting to train elephants in PC:

a. When starting to work in PC the trainer/keeper must understand théchainciples of positive
reinforcement training.

b. A clicker, whistle or verbal bridge is used to confirm or reinforce the desired behaviour. It is
important to know exactly when to apply the bridgaming is key for successful training.

c. Before staihg a training session, make sure all necessary equipment is ready: food (or other)
rewards, targets and clicker/whistle.

d. Start with conditioning the bridge by pairing the clicker/whistle/voice with the reward during 10
minute sessions, multiple timesday. Then continue with an attention exercise (meaning walk from
left to right to see if the elephant follows the trainer/keepetf the animal shows attention and
follows, then apply the bridge and reward the behaviour. Attention is another key foressitd
training.

e. Once the bridge is established, the trainer/keeper can start training different behaviours.

The following list contains the most important cues and commands for carrying out husbandry and
medical procedures in PC. Dependinginstitutional requirements, additional cues might be used
64dzOK a Wil 1SQ: WwW3IAE@SQ:r w3z GFNBSIQ: WwWlySSQ:I Wo

Cue/ Command Behaviour/ Comments

TARGET Prerequisite for other behaviours

Elephant stands with the forehead against F
the target. Exact target location may vary &
among institutions but is usually N
approximately 20 cm below or above the
eyes.

COME HERE @ Elephant comes to trainer/keeper

OKAY/ RELEAS Release, end afxercise
I TGSNI SOSNE OdzsSkO2YYlFyYyR GKIFdG Aa LISNF2
used to signal to the elephant when a desired behaviour is completed.

STEADY The elephant holds (freezes) the current position.
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The elephant moves fotwWNR Ay & GNF AIKG fAYyS dzydGAft
¢KS StSLKIyd Y2@Sa o6l 016 NRa&A Ay aldNFA.
The elephant positions itself with the head towards the trainer.

The elephant positions itsedflong the fence,
presenting the full side to the
trainer/keeper.

With a second target the elephant is given

the information which side to present, right
or left.

[ TS 1Y
]
ENTEED”

W
L

Usually this cue is used to gain access to the back side of the elefttariing from a
GAaARRE aadd@amIkiRey s GKS St SLKFEYG &dzNYya
the trainer.

The elephant presents left or right back foa
through the foot hole in the training wall.

The elephant presents left aight front foot
through the foot hole in the training wall.

It is best to work with both hands:

Left hand with target on head, with right
hand target the trainer asks for left front
foot. Hands switched accordingly for the
right foot.

Targets are usefbr the correct positioning
of the foot (small scale movements) within
the hole.
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Head is on target and the back of elephant
will move to left or right, according to the
position of the keeper.

i \E-

P
i B8
vy Rr
be S
= gm0

The elephant opens its mouth widmough
to present the molars.

Elephant presents its tongue

Elephant presents the tip of trunk in the
hand of trainer (trunk goes under the wrist
into the hand).
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The elephant lifts its trunk over the head
(e.g. for trunk washs)

The elephant lies down in a frontal and
straight position.

The elephant lays on its side, left or right, according to the position of the keeper.

The elephant presents its tail in the hand o
the keeper. This can be froma A RS ¢ A
2NJ FNRY (GKS aadaNyé¢ o~

The elephant presents both ears towards tl
training wall e.g. for inspection.
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The elephant presents one ear through the
training wall e.g. for blood collection.

6 tAOQGdz2NBa ¢ A M, ODwetiaNds Bidrénpagk Bnd /[C@&dhla Galeffi, Zoo Zurich.
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2.6.3RESTRAINING

This may be required for new or more invasive veterinary procedures, possibly under a standing
sedation, or within an ERD. Restraint is also required during transport. It nragclessary to restrict
the animaf@ movement to ensure the safety of all involved.

Elephants must be trained to accept restraints slowly; details of how this is aclskeettibe given
Ay GKS FyAYLEQa GNIAYyAYy3I LI Y

1 Ownership Allrestraint equipmentshouldbe acquired and maintained to a specification
agreed by zosstaff. Any wear and tear, which might cause weaknesses in equipment and
therefore posea safety risk, or possibly lead to injury to elephastguldbe avoided.

1 Authorisation for use and prohibitionsThe current zoo directorgsponsible senior manager
or curator shouldjive generic approval of routine restraint.

1 Elephantsmust not be routinely restrainedfor periods in excess of one out of 24 hours
(unless injustified casese.g. loading)

1 Accountable individuals and record<Only trained pesons may carry out restrainthis may
include elephant experts brought in for staff training and/or elephant transportation.

1 Training Keepersnustbe adequately tined in the procedure and safety aspects followed
trainingshouldbe documented.

2.6.4TRANSPORTATION

All elephant transports must be conducted in line with tBAZA Elephant TAG transport protocol
(available online aEAZA Elephant TAGharePoinfwith relevant pe-transport health screening and
onlywith TAG/EEP approval

Sendinginstitutions are recommended to visit receivirigstitutions prior to confirming transport
agreement. This enables good preparation for the transport and acclimatization of the transported
individual. Welfare, suitability of enclosure design and satetgstaff ability/training can be assessed
and addressedirst-hand and assurances put in place before moving the anikesdpers from the
receiving collection must spend time working with the elephant at its hamsstution prior to the
movein orderto get to know the animal and its usual husbandry routines. Keefrem the donating
institution must accompany the elephant during the trip and stay to assist with acclimatisation
following the move.

Institutions should consider, in advance of the move, how they will communicate information to the
media and the public.
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Paperwork

CITESrequired paperwork for moves. CITES officers liaise to confirm the recéngtiition can

accept the animakndin turn they talk to bothnstitutions, demonstrating due diligence on their part.
CITES can stop the movement if they find the transfer inappropriate and will not issue the necessary
permit.

TRACES ITAHC (Intra Trade Animal Health Certificate) or GMEEB¥ (country exports) required
paperwork at time of writing. This is not just a health certificate to state the animal is fit to travel, it is
also a means to alert borders of what, when, how and who is crossing their border. If required, the
shipmentcan be stopped at the border and redirected. For example, if the country tirileen into

had an outbreak ofdot and mouth disease, an elephant would be stopped from entering and an
alternative plan would have to benacted.

Preliminary considerations

1 Assessment of elephants, including age, sex, temperament and degree of training as well as
veterinary history and any health issug®ould be discussed prior to transport

1 The places of loading and unloading (access to elephant house) must be assessedtipe
move.For loading and unloading of the crate, a crane will be required, as with the transporter,
use ofa reputable company is recommended. A recent weight of the animal and the crate is
required to ensure a suitable crane is us€dane compangshould be informed that a moving
animal in a crate brings more carrying weight than a motionless object.

9 Suitability of elephant house/yard for loading and unloading elephards elephant and
keeper safety. Adjustments to the facilities might be neseeg prior to the move. Current
equipment must be assessed for suitability in the assistance of loading and unloading
elephantsi.e. restraint equipment.

1 Animal should be acclimatised to the transport crate and trained to enter it voluntarily. This
may tke some time, particularly with animals managed in a protected contact system, and
consideration should be made to having the crates in situ for a period of time preceding the
transport to allow for regular training. Although this can be costly, it is értdously helpful.
Elephants should also be acclimatised to the placement of leg restraints. In groups where
regular elephant moves are expected, for example collections holding young bachelor males,
crate and restraint training should form part of the régutraining routine.

Loading and unloading elephants

1 Winches for loading should be avoided. If necessary, winches should only be carried out by a
very experienced operator with full and appropriate risk assessment.

1 Where animals are loaded without the use of winches, only the usual keepers should be
present until the elephant is restrained inside the crate. The process should be carried out in
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the same way as a normal training session. Additional help should beatloaed and in radio
contact.

1 The positioning of other equipment such as cranes should be considered. Where these are
visible to the elephants during loading, it may be beneficial for them to arr®eldys earlier
so that the animals have time to becenacclimatised to their positiorAn alternative would
be to position them after the animal is loadedcrate

1 Collections should have a clear and jiscussed plan in place for what will happen if the
animal refuses to load on the day of transport, wher the transport will be postponed or
other actions such as sedation or winching carried out.

9 It is recommended that a veterinary surgeon is present during loading, under loading and
throughout the transport in case of emergency.

Use of restraint

Elephants in the transporter must be restricted at all tiniegnsure they travel securely and cannot
move and cause damage to the crat@his is accomplished by attaching restraints toslefythe
elephant. These must be fitted correctlye at the corect length and be tight enough to restrict the
FYAYFt&a o6dzi y2G dzyO2YF2NIlo6fS 2NJ a2 GAIKG GKIG
must be able to move forwardmnd backwardg-actors to be considered are:

1 Females are normally restrained in front and behind on opposite sides, i.e. on twdViakds
are best restrained on all four leg&ne chain is not sufficient due to risk of transported animal
to turn around in the crate or move excessively.

9 Restraintsmust ke secured on the outside of the crate to allow them to be released in an
emergency, without entering the crate.

Staff safety

Even experienced elephant keepers may not have had much experience in transporting animals
therefore, a full briefing must be carried out prior to moving the animals. All risk assessments must be
carried out and detailed for each staff member and each elephant.

Elephant welfare during transportation

9 Suitable locations for regular stogéiould beplanned, both for driver rest periods and for
elephants to be rested and given food and water. Hay and browse should be supplied regularly
to occupy the animals during the journey. Overnight stops should be planned at a zoo
wherever possible, fosupplies of fresh food and water and for security reasons.

9 Suitable collections, along or close to the route, to which a diversion could be made in an
emergencyshouldbe plannedin advance. Ufio-date contact details of all emergency contacts
should be arriedfor the duration ofthe journey.

1 The size and height d¢fie vehicle and crate shoulee recorded, and route checked to ensure
accessibility.

94

l.j



EAZA Eleplm Best Practice Guidelines 2020

1 There should be provision for heating or caglithe animals during transport.

9 Transport crateshouldbe fitted with cameras capable of recording during low light (if driving
duringevening/night). The camera must feed to a member of staff travelling directly with the
elephant so they can always be monitored.

2.6.58AFETY
Saff training

An effective prgrammefor staff training is required. While mugirogresshas been made within the
elephant communityegardingthe individuality and specialist nature of elephants and therefore the
need for them to be treated differently, themustbe recognition ofhe cognitive ability and strength
of these animals, as well as the speeipgcificneeds.

An effective staff training programme must be built around risk assessments carried out on all
operating proceduresThe process of risk assessmenforming documented operating procedures

and systems of work, with regular revision and updates, leads to the development of a dynamic training
programme allowing for progressive working practises.

A minimum of twoappropriatelytrained elephant keepers must be present during any contact with
elephants even if hey may not both ne@ to be present at the PC waltation at the same time.

A collectionshouldhave awritten and monitored staff training programmerhisshouldenconpass

the training of new staff, with a logical progression of skdswell as training reviews of existing staff.

A training programme should be developed from an analysis of the current facilities, and the existing
staff ability. The training programnehould alsaneasureimplementation with a list of targets (task
achievements) against which staff progress can be measured.

Elephant keepers must be properly and consistently trained for the duties and teskare expected

to undertake.The elephankeepers work in a defined tea with a structurewhich includesa team
leader vho has theresponsibility for ensuring that systems of work are implemented, documented
and reviewed.

The length of training for new keepers will be dependent on the facility and on the experience of the
new and the existing teams.

Protocol

A complete list of jobs (tasks) and environmental factors should be compil@grotocol for each
elephantandinclude:
I Risk assessments
1 Event of keeper being inadvertenty inside with elephant (escape routes, emergency
procedures for all)
9 List ofPC pocedures with elephant
1 Restraint (using straps, webbing or chains)
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=4 =4 =4 4 -4 -4 4 -4

In restraint for veterinary procedures

Gates andyate controls

Nutrition

Equipment and materials which would be used
Cover and environmental enrichment features
Temporary features

Zoonotic risks

Safetyprotocol
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2.7/ VETERINARYJONSIDERATIONS FORAHEH AND WELFARE

These recommendations are written ftire benefit of elephant keepers and are not intended to be a
comprehensive veterinary reference document.

Similarly, thischapterwill not cover all disease conditions that can affect elephants,thetmore
relevant ones which keepers and vets may endeuiin the care of their animals. Textbooks and
references are available for more detailed information.

Preventive and proactive health care

Observations

Twice daily observations at each end of dagachelephantmustoccur for signs of anything physically

or behaviourally abnormal and appropriate records kept using ZIMS (or other recognised record
management software)Any concerns or abnormalitigaust be swiftly followed up as appropriate.
Reporting systemmustbein place to allow veterinary input immediately.

Weighing

Weight shouldbe measuredfor each individual. Weight change can be the first indication of a health
issue. It is recommended that calves are weighed wedRdgults of weighirg should alwaysbe
combined with bodyondition scoring (seedBly condition scoring guidance in AppendixNavailable
online atEAZAElephantTAGSharePoinfasthe weight itselfmight be misleading anldealthcondition
should always be interpreted as combination of both weight and body sc@iatshouldbe reviewed
annually anchdjuged when required in response to weight changes in individual elephants.

Foot care

Routine foot carenustbe carried out on a case by case baassrequired. Any foot problemmustbe
managed as soon as possible, and preventive meaguitegted to reduce the in@ence.See2.8.1
Foot Cardor moredetailed information

Faecal testing

Routineg individualfaecal sampling is advisab®amples should be collected over a three to fieg

period and analysed for any bacteria or paies that could cause diseasehe frequency of testing is

dependent upon the history of such findings in the group but should occur at least twice a year.
Treatment should bénitiated dependent on resultsDried maize (not flaked) or edible glitter cha

FSR (2 ARSY(GATFE |y GhfdRing@ETR dabtdge Bheré avlidlablg mighfialsd Helf.OS 4 @

Urine sampling

Urinesamples can also be used tdrecking the presence of blood, glucose, protein, pH measurement,
hormone analysis (for welfaror reproductive assessment) and many othelth factors
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Blood sampling

For standard analysj$lood samplings recommended twice yearly from the age of one yearo

create a database of normal values for each individual. Subtle changes in the blood can be very
informative when trying to diagnose disease (e.g. in calves with active EEHV infections). It is advisable
that breeding herds are banking plasma and serummat ¢ /  F2NJ 991 + GNBFGYSydT
are thought to increase the survival rates of treated calves.

Identification
Microchipsshouldbe usedwith the standardposition behind the left eaunder the skin.

Vaccination

Vaccineprogrammes vanpasedon the history of disease within the collection and the risks in that
geographic area. The veterinary advisors of the elephant TAG have recommended to vaccinate Asian
and African elephants against cowposeé Advice MVA vaccinationslephants March 2018 in
Appendix V). Some collectionalsovaccinate yearly against tetanasid/or other clostridia

Measurement of body temperature

Temperaturemeasurement irthe rectumor in fresh faecal bolus (within-8 mins of excretion) can be
used although comparison between individuals is advised. Faecal batygdratures are thought to

be 05°C higher than rectal temperatures. Some collections use infrared thermometers to record the
temperature of the roof of the mouthwhichwill be lowerthan core body temperaturebut may
provide usefuto inform trends in individuals.

Trunk wash

Theability to perform atrunk washis a requirementFor this procedure60 ml of sterile saline is put

into a nostril or nostrils, the trunk is raised and lowered to wash the saline up and down, and then the
saline is forcibly expelled (by the elephant) into a sample bag placed over the end of the trunk.
When conducting trunk ash, the following needs to be considered:

1 The trunk needs to go high enough to ensure saline reaches the upper portions of the trunk,
therefore ideallyraisedabove head height

1 The saline needs to be actively exhaled by the elephant, not allowed to baokeout under
gravity alone

Elephant Down Protocol

Collections should have an elephant down protocol detailing response to an elephant that is down and
in need of assistancéhis should include a sispecific plan and contact details for all necessary
external partiesThis protocol should consider each individual animal and all the various locations in
which this could occur.
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Treatment and diagnostics

Medication

Generally, drugs are given at the same dose rates as for horses or ruminants likeucdge specific

data are available for the elephant. Such data are limited but increasing. Readers should refer to the
literature, e.g Fowler & Mikota (200&nd www.elephantcare.org.

Medication carbe provided in different ways:

1

Oral Elephants have a very keen sense of taste and can detect drugs hidden in food items
readily.Bran mixture routinely provided every day is the easiest way to hide d8tgsngly
flavoured items such as mint, molasses, fruits, and fruit juices can be used as carriers, and
specifically flavoured drugs can be obtained. Elephants can be readiljtioned to accept a

bite block for the direct administration of oral medications using syringes or by Nihdn
providing antibiotics orally, care should be taken to protect the digestive system microflora by
adding probiotics into diet.

Rectal Therectal wall is very absorptive and has a large surface area so é&hsmmbsome

drugs very rapidly and effectively. It is a good way to give large volumes of fluids quickly.
Administration via this route requires adequate training and/or chemical osighyrestraint.
Intramuscular injection Muscles are well supplied with blopsb an injection into this tissue

is also rapidly absorbed in most cases. Due to their body weight elephants require large
volumes of drug and too large a volume at any one san cause pain and predispose
animalto abscess formation.

Intravenous Injection directly into the blood means immediate distribution around the body

at a known level. Inadvertent injection around a vessel can be very damaging to tissues
however and shouldbe avoided if possible.

SubcutaneouslInjection under the skinis not recommended in elephants, as absorption is
guestionable and has not been studied. In general, it is not a recognised route due to the risk
of abscess formation.

Topical thergy: Topical treatmentgan consist of medication or the use of compresses (either
cold or warm). These can be useful adjuncts to systemic therapy but maintaining them can be
difficult with inquisitive elephants, which will readily remove them. Lavagests a$eful in
reducing contamination and bacterial load to any external wounds or abscesaeage
solutions include sterile saline, or diluted chlorhexidine or povidone iodsee also
information compiled in Table }0Ophthalmic preparations can also be administered
topically, with the choice of creams or drofagloredto the individual and the pharmaceutical
agent required. Topical treatments such as silver sulfadiazine cream can be useful for wound
management. Somastitutions are now using low level laser therapy (LLLT$gstwith pain
management, woud healing and infection prevention in a variety of lesions.
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Radiography

Elephant calves can be radiographed as horses,fatruadults, itis only practical at ygsent to
radiograph the extremities. This includes the ends of limbs, the tail, the trunk, and some parts of the
mouth. Basic radiation safety and protection rules should always be followed. It is recommended that
yearly radiographs are taken of adulephant feet where any clinical conditions arise, to enabledong
term monitoring.Baseline images can be extremely useful especially when assessing changes in the
phalangeabones(Mumbyet al., 2013)

Thermal Imaging

Thermal imaginds a useful tool but can bepen to overinterpretation, especially if not used at
consistent times of dayA good review has been published blisbergMerz (2007) Necessary
equipment for thermal imaging is usually ownedtbg local fire department.

Ultrasonography

Ultrasoundis an extremely useful imaging tool for any elephant collectibis usedfor reproductive
assessment, pregnancy and parturition monitotitgut can also be used for general diagnostic
procedures, as with other species, including lameness or eye conditions.

Sedation and Anaesthesia

This section is not intended to be a comprehensive guide and for more detailed information reference
should be made to the veterinary texts listed in the reference listleogder & Mikota (2008)

Planning is essential when performing anga@n or general anaesthesiAppropriate numbers of
trained and experienced staffresent isessential, and a risk assessmahbuld be performed.The

area shouldbe prepared in advance and additional eqoipnt may need to be fought in.As for all
procedures, anaesthesia is best performed in a quiet environment for smooth induction and recovery.
Theremust be a plan for emergencies withppropriate drugs immediatelyavailable. Intravenous
cannulation (i.e. immediate accessadminister intravenouslrugs) should be carried out as soon as
safely possible to progde support during anaesthesiAnalgesia should be available as necessary.

Relevant Clinical Conditions

Tuberculosis (TB)

Sreeningfor tuberculosisis recommended in line with the EAZephantTAG TB testing policy
(routine testing for all animals over foyears oldand pretransport testing).SeeTB testing irEAZA
captive elephants in thel&hant TAGn AppendixVIl.

The gold standard test for TB in elephants remains culture and polymerase chain reactioagPCR)
these tests detect and groanybacteriapresent Culture and PC&erecommended to be performed

on an annual basis on trunk wash (three sampdé®n within one week) or bronchial lavage samples
on animals over the age of eight yeatd.dt can take up to twelve weeks of attempted culture before
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a result is considered negativAny suspicious lesions found in tissues at gosttem examination
should also undergo culture and PCR.

A negative result from culture and PCR on trunk wash/lavage samples means that an elephant has not
been found to besheddingTB within the respiratory system at the time of sampling. A positive result
from culture and PCR means that an elephant has active TB. Animals can have false negatotes but
false positives from culture and PCR results.

Other tests for TBneasurethe regponse of the immune system, rather thdne presenceof the
bacteria. As a result, these are hard to interpret, and not considered gold standard, but can still give
useful additional information. Like all serological tefts the diagnosis of tuberculasin elephants,

the gamma interferon test is an experimental test currently being perforimgdtrecht Univergty on
elephant blood sample®l collections are requested to support this project by contributing samples.
Validation of any immunological tewill help us in future to identify exposed and infected animals,
prior to the onset ofsheddingand will increase the sensitivity of our TB screening so we can make
decisions early in the disease process.

It is recommended that a risk assessment beiedrout for keeping staff and occupational health
advice sought concerning routine screening of the keepers at respective collections.

Elephant Endotheliotropic Herpegirus (EEHV)

EEHMs currently the most important, known viral infegti in Asianelephants worldwide It was
identified byRichmaret al. (1999)with studies then identifying cases as far back as the 1970s. This is
not a new infectionas virakaxonomy indicates that the virus dates back at least 30 million y&ang

et al, 2007) EEHV has been identified in range countrielsaith wild and captive African and Asian
elephants(McCullyet al., 1971; Reiet al., 2006; Zachariaét al., 2008)and is no longer thought to be
due to close contact between the two species. There are currently twelverknawants of the EEHV
virus(Longet al., 2016)

Most, if not all, elephants carry EEHV, but only some develop clinical symptoms and become unwell;
an understanding of why is imperative for future captive breeding and elephant conservation. Most
cases in Asian elephant calveswcbetween the ages of one to three years old, although the risk
period extends up to eight yeaodd. Every collection with calveshouldhave an EEHV protocol, which

is reviewed at least annualliy line with continuous developments insgiase detection and treatment.
Screeningcan be carried out on blood and a variety of other samples (e.g. trunk washes). The amount
of virus in the blood stream will begin to rise at least two weeks before the onset of clinica] lsants

et al, 2016 and before the virus ished from the espiratory tract or elsewherelhe initiation of
treatment prior to clinical signs is wetikely to improve prognosidt is recommended that blood is
taken from calves at least weekly to check for the presence and quantity of viruspakdor
characteristic changes to blood cells indicatofrisk of disease.
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Samples for éagnostic gPCR on EEHYV can be sent to the following labs:
European labs that can perforreEHV BCR
Date: 0608-2020

' YADGSNBRAGNG . SNIAYS LyadAaddzi FNNI xANRBEf23AS
Robert von Ostertatr. 713, 14163 Berlin, Germany

Prof. Dr. Klaus Osterrieder/ Dr. Jakob Trimpert/ Dr. Azza Abdelgawad

Tel: (49 30 838 59780/ +49 30 838 67281

Email:no.34@fuberlin.de/ trimpert.jakob@fu-berlin.de/ azza.abdelgawad @*fberlin.de

Rotterdam Zoo, Veterinary Department.

Postbus 532, 3000AM Rotterdam, the Netherlands

Linda Bruinsran SonsbeekVM Christine Kruge¥elema

Tel:(+31) 10 4431485 (+31) 10 4431541
Email:l.van.sonsbeek@diergaardeblijdorp.il c.krugervelema@diergaedeblijdorp.nl

SCG Diagnosztika Kft / UVM Large Animal Diagnostic Centre
HHHHp «ff! X 535N YIFIZ22NE | dzy 3l NE
Biksi ImreDVM: Albert ErvilPhDI' 5t Yy PWBRt Y

Tel:(+36) 309487747

Email:scgdiagnosztika@gmail.co

Irish Equine Centre

Johnstown, Naas, County Kildare, Ireland, W91RH93
Ann Cullinane MVB PhD MRCVS

Tel: (+353%5 866266
Email:acullinane@irishequinecentre.ie

Chester Zoo, veterinary Department
Chester CH2 1EUpited Kingdom

Javier LopeBVM

Tel: (+44)1244 389757(+44)7880 242006
Email;j.lopez@chesterzoo.org

EEH\6pecifically damages blood vessels, which results in internal haemorrhage. Clinical signs are all
related to thisincluding patches and blueness of the tongue, swelling of the head and forelimbs,
ulceration of the hard palatdack ofcoordination, lethagy, and mild colic. EEHV cases can be simply
noted as a change in behaviour, and if this occurs in any animal under the age of 10 years then EEHV
should be the primary diagnosis until proven otherwise. Clinical signs vary and can occur with the stress
of concurrent diseaseSeeMaluy & Hawle, 2007 andsarneret al., 2009.

Treatment is based on early and aggressive théeapincluding antiherpes drugs, pain relief,
antibiotics, fluig, and plasma transfusions. A recent management document has been probced
the TAG, which should be followed in all herBsgqommendations for monitoringeEHY. Another
useful resource is eehvinfo.org, whidetails emerging best praatidor treatment of the disease.
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Musculoskelé¢al conditions

Knowledge of basic anatomy of the musculoskeletal system is essential to understand the normal
function, disease processes, and supportive therapies that must be implemented to treat some of the
most common problems seen in captive elepha@sod anatomical reviews are foundlismp<et al.
(2001); Benz (2005); Weissengruleeial. (2006)and aspects of elephant locomotion can be fotimd
Hutchinsoret al.(2003), Hutchinson (2006), Millet al. (2008), Bn& Hutchinson (2008Dne obvious
differencein elephantsis that the fore feet are considerably different from the hind. Arthritis, gait
changes, nail, and other foot problems in older animals need to be managed appropriately prior to
welfare being compromised, and euthanasiandicatedas necessary

Osteoarthritis

Osteoarthritisis one of the most common musculoskeletal diseases seen in captive elephants. The
causes are multifactoriahs they are in other species, and include infection, conformational or gait
abnormalites, nutritionrelated disease early on in life, obesity, stereotypical behaviour, chronic
mechanical insult (e.g. unsuitable enclosure flooring), and tragvkast, 2006) Factors thatcan
potentially exacerbate or compound arthritis include lack of exerabesity, hard substrate, cold
environmental temperatures and poor conformation. Lameness is the most apparent changduseen

to arthritis, but regular monitoring of locomotion may provide earlier clues to problems. Often by the
time arthritis is diagnoss it can only be managed with analgesics, weight control, nutritional support,
and exercisgincluding warm water hydrotherapy. If severe, theuthanasia may badvised Routine
locomotion and foot scoring should be used to assess affected anamdfsequency of scoringnay

be increased as disease progresses. The use of CCTV for night behaviour study is required to monitor
sleep patterns and the ability of individuals to lie down and rise from rest.

Trauma

Tail

Bite injuries can be seen in herddere aggresion occurs between elephant®pen wounds can be
managed by flushing with dilute iodine and followed by topical aesilver sulfadiazine cream.
Radiography is recommended to rule out fractures and pain relief should be provided orallyefor de
lacerations or when the elephant is continuing to traumatise the area.

Trunk injuries

The trunk has a very extensive blood supply and thus severe haemenmagresult following trauma.
Paralysis of the trunk can arise@ifin nerve damage/ith the corect treatment, including feeding and
management techniques, cases have been known to resolve over time.

Trunk paralysis

Partial or complete paralysis of the trunk with consequent muscle atrophy is occasionally seen in Asian
elephants.The cause is unknowibut cranial nerve trauma or infection and arteriosclerosis have all
been suggested. Flaccid trunk paralysis is a syndrome in its own right and is seen in African elephants
in the wild, the cause of which is also unknown.
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Colic

Colicrefers to any abdorimal pain and as suckanresult frompainwithin anabdominal organ but,

more often than not, it is in the gastrointestinal tract. Spasmaodic colic, bloat, impaction, constipation,
mesenteric tears, and infectious causes (including EEHV) have all been reported. Colic can occur after
sudden dietary changesnd although not common, ingestion of large amounts of earth, sand, or
stones canalso cause problems. Colic can also be secondary to dental problems. Treatment is
dependent upon the cause but symptomatic therapy including pain relief and fluid therapy are
commonly usedBehaviours symptomatic of colic and labour can look simiBahaviours indiciative

of colic may include trunk kept in mouth, stretching hind legs, looking for support of a hind leg, crossing

a hind leg while gnashing with the head kept é&mwhan normal (Fig28).

Figure 28Behaviouralcharacteristics in two Asian elephants. Agian elephant in labour throwing sand at
abdomen, keepingnouth wide open, lying down, and in a sitting positia Willem Schaftenaar, Dak Lak
Elephant Conservation Center, Vietnam). B) colic in Asian elephant. Trunk kept in mouth, stretching hind legs,
looking fa support of a hind leg, crossing a hind leg whyhashing with the head kept lower than normal (

| KNREGALFY {OKAFFYIYyYyS %22 WBNNAROKOD
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Dental diseases
Conditionsvary considerably andonsiderations to be takemclude:

9 Oral examinatioras an essential part of the daily routine for any husbarmogramme.

1 Deformities of the tusks; usually a result of trauma in early life.

1 Excessive or abnormal wear of tuskgbbing on bars or cablezan lead to sharp ends,
weaknesses in the tusk shatind minor or major fracturesSharpended tusks can cause
severe injuries in conspecifics.

9 Fractures and longitudinal splits of the tuskncompromisethe pulpand bacteria can cause
infection within thetusk or even into the maxilldhese conditions are not only life threatening
to the elephantbut can also beary painful.Simple and recent fractures involving the pulp
may be reparable bynmediate action an@ndodontic treatment, but more severe or chronic
cases require extraction. Extraction is a specialist procedure, although basic tusk removal has
been desdbed (Steineret al., 2003) Expert opinion must be obtained.

1 Impacted molars often result from failure of the preceding molar fragmentstehed, which
may be due toinadequate provision of lowse. In extreme cases90-degreedeviation of
molars hasbeen observedSuch molar problems can beause of chronic weight logglolar
abscesses do occur and may progress to osteomyelitis avg$ gwelling of the mandible.
Extraction has been described, but again requires specialist equipment and knowledge
(Kertesz, 1993)

9 Sulcus infections occur and are usually secondary to foreign bodies.

Ventral oedema(swelling under the skin of the underside of the elephant) has often been associated
with a lack ofprotein (proteinemia) in the blood, electrolyte imbalances (potassium, calcium,
phosphorus), or inflammatory processes (i.e. infectious diseases such as EEHV). It is also a common
condition in late pregnancy and may remain until after parturition untlolation. A blood sample of

the elephant should be analysed for complete blood cell count and serum chemistry, lodking a
inflammatory parameter (CRReucocytes), haemacrit, Fe, Ca, Mg, Na, P, as well as liver and kidney
values. A full work up should be undertaken to determine the underlying cause. If the above named
conditions are not the cause, a cardiac problem should also be excluded.

Chronic kidney failurénas been found in several Asian elephants in recent years. Any renal disease is
difficult to diagnose in elephants sinaeormal blood kidney markers are not providing useful
information about the elephant kidney (Luedees$ al, 2019). Presenting symptonmay include
weight loss, intermittent edema (abdominal, maxillary) and muscle fasciculations/convulsions
(presenting as shiver or higlp). At later stages, pale mucous membranes, generalized weakness and
polydipsia develop. In four terminal cases histdpdbgy confirmed chronic interstitial nephritis
accompanied by lesions such as tubaloglomerulonephritis and mineralization; cystic degeneration;

or pyelitis.
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In early stages, haematology and biochemistry alone do not qualify as sensitive diaghustieser,
hypercalcemia, dysproteinemia and anemia (low HCT) consist common findings. Blood urea nitrogen
(BUN) is usually the first of the renal enzymes to rise during course of disease, while serum Creatinine
invariably remains unchanged until esthge dsease. In two elephants, after initial rise, BUN and
SCrea even dropped dramatically prior to euthanasia.

Lowered urine creatinine {da) consistently is the most reliable clinicopathologic indicator of
underlying renal disease. In a study on Asian elgpfiagd > ! / NS NBYFIAYSR aAaya¥
{5Y nodngp 5 ndan YIKYET yrto O2YLI NBR (G2 dzyNBYI NJ
mg/ml; n=5) (Luederst al., 2019). All affected elephants displayed ultrasonographically visible kidney

lesions. Transrectal ultrasonography revealed abnormal kidney outlines and size (n=3), renal cysts
(n=5), prominent renal vasculature (n=5) and/or hyperechogenicity of the parenchyma with distal
acoustic shadowing (n=5). In summary, a diagnotisc approacHimitéd to blood analysis but

including measurements of UCrea and ultrasonography is beneficial for kidney function assessment.
Treatment may consist of increased fluid supply (e.g. regular rectal enema, IV fluids), oral electrolyte
supplements (calciunpotassium, phosphorus, iron), and leprotein food supplements.

Euthanasia and Podtlortem Examination

The euthanasia of an elephant is a delicate procedure that is not only highly emotive but also involves
potentially serious health and safety hazar@is.ensure optimal safety of all members of staff involved

and to make sure that the welfare of the elephant is not compromitiezleuthanasia event is broken

into three components:

1. Planning and discussion to ensure that all parties understand that eagians in the best
interest of the animal and that all contingencies are made to ensure the smooth application of
euthanasia.

2. Induction of general anaesthesia to ensure that the elephant is immobilised for the euthanasia
procedure. Thisisinthe intereat¥ (1 KS | y A Y f Qulut algoPplodidessBetylfaA Y | NA
the team.

3. Oncethe elephant isecumbent then euthanasia should bdministered Assessment of death
shouldbe based on a combination of loss of electrocardiogram via a preplaced ECd, lack o
cranial reflexes, lack of respiratory movements, and a lack of heartbeat on auscultation.
Contact vet advisors for help.

All animals, either found dead or having been euthanizeaist undergo a full postmortem
examination with collection of samples foulture, histopathology and PCR testirmpd in certan
cases, storageA comprehensive protocol (Elephant Necropsy Prot&feiP)s availablen Appendix

VIl or online at EAZA Elephant TAGharePoint Postmortem resultsmust be submitted to the
relevant EEP coordinator and vet advisdfgractically possible, research samples should be taken
and stored which include frozen sisesand blood,and sections indrmalin. For more details contact
EAZA Biobanlkipbank@eaza.net
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2.8 SPECIFIC PROBLEMS

2.8.1 ©OT CARE

Anatomy

The distal limb of an elephant is composed of the weight beatngtures and the surrounding skin.

In the African and the Asian elephafite bony digits are formed in the froas well as the hind foot

(Fig. ®). Other anatomical features of the elephant foot inclutie cuticle, nail wall, interdigital space,

nail sole and foot pad (Fig. 30 the Asian elephant, the distal phalanx of digits 1,tarfd digits2 to

5 of the front and hind feet respectivelyjs protected by formedoenails In contrastin the African

species, toe nails are formed at the end of digits 2 tof 5he front and 2 to 4of the hind foot.

Formation and number of toe nails may vary between-spbcies and even individuallgsutiet al,,

2001 ¢ KS &1AYy 2y (GKS StSLKIydiOa F220G A& .IwtheNAIl 6f &
interdigital space as well as proximadigjacent to the pad, there is a dermal structure similatHat

of the other body regions. The toe nails represent skin modified in the form of a horn capsule and the

pad is built up out of thick horny layefBenz, 2005)

-

Figure 2 (left) Five bony digits are formed in each elephant foot.

Figure 3 (right) Definition of anatomical terms in the elephant foat} cuticle, b) nail wall, c) interdigital
space, d) nail sole, e) pétdken from Wendleet al., 2019a)

The cushioris a unique structurd y | y St S(\&dsefigrubeet aff, 20@6§i It is composed of
strands of fibrous connective tissue forming compartments which are filled with adipose (Bgue
31) (Weissengrubeet al., 2006) The compartment of the cushion is further supported by agital

ray, named prepollux gprehallux,of the fore and hind limbsespectively (Fig32). This cartilaginous
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rod runs from medieproximal to lateradistal without toudiing the ground directly (Fig32)
(Hutchinsoret al., 2011; Weissengrubet al., 2006)

Figure31{ F A GGt aSOdGA2y 2F I YIS 1 FNAOFY St SLKI
well as the digital cushion (during the preparation process the adipose tissue dissolved and left the whit
between the strands of connective tissue) ( WP =1 £ f YU &

Figure 2 Medial aspects of the right feet of an elephappindicates prepolluxph prehallux. Both are running
from medioproximal to lateradistal (taken from Hutchinsomet al., 2011)

Although elephant skin is generally lacking sweat glands, such structures have been dettwtseh

the toe nailsand along the cuticles in the Asian eleph@rdampset al,, 2001) These glands secrete a

clear fluid, and their epithelium contains hormone receptdtampset al, 2004) The lattermight
AYRAOFGS | NBflIGA2YAKAL 6A0K OKSYAOFf O2YYdzyAOl |
(Lampset al,, 2004)
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Physiology

According to the anatomical basis of their feet, elephants are considered digitifwadles on toesin

their front and semiplantigradévalks with toes and metatarsals partially on the groundheir hind
legs(Mikotaetal, 1994 2 KSy gl f {1 Ay3T (KS St SLKIyidOa KAYyR T2
(Benz, 205). Although elephants are not able to trot or gallop due to the direction of their limb bones,

they can reach high speeds of up to 25 krfBenz, 2005; Hutchinsaat al., 2003) The digital cushion

has a shoclabsorbing funtion and allows elephants to walk silently even in forggteissengrubeet

al., 2006) Furthermore, the elasticity of the cushion allows sige and return of strain energy during

walking (Weissengruberet al, 2006) An obvious indicator of the elasticity of the cushion and
subsequatly of the entire foot, is theircumference changeésible every time an elephant puts weight

on it. In adult elephants, weightearing foot circumference increases in a range-@D% compared

to the nonweightbearing circumferencéunpublished data Wendler; Csut al, 2001) A futher
0SYSTFAG 2F GKS OdzaaKA2yaQ StlFadAoOAade YAIKAG 0SS AG2
venous pumgPanagiotopoulowt al, 2016) In theory, the latter will be effective during intermittent

loading and unloading of the foot as it is the case during walking.

Apart from protecting the distal phalanx, toenails have variable functifimesy facilitate climbing (Fig.
33) as well as digging and are used in the preparation of food (debarking branchésy fpeess roots
from dirt). Investigating captive elephanBenz (2005)etermined he growth rate of the horn wall

to be around 67mm/28 days with significant variation between front vs. hind feet and the African vs.
Asian species.

P o,
o

Figure 3 Facilitating climbing is one function of the toenails.
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Several studies investigated the locomotor mechanics in elephants including foot pressure
measurementgGeninet al., 2010; Panagiotopoulocet al., 2016; Panagiotopouloet al., 2012; Reet

al., 2008) The latter demonstrated highest concentration of peak pressures in the lateral digits in both
elephant species. Thughout the stance phase, the center of pressure iiingughthe median of the

sole from the palmar/plantar to the dorsapart of the central toe (Fig.43 (Panagiotopoulotet al.,

2016)

left right

n(L.a)=40 n(L.a)=45
v
S { f
| '\
n(E.m)=23 n(E.m)=14
n(L.a)=62 n(L.a)=63
E ) /
\ [
n(E.m)=21 n(E.m)=41

Figure 3 Mean center of pressure patterns in the African (red line) and Asian elephant (yellovdUiriey
the stance phase of walkir(taken from Panagiotopouloet al., 2016)

Anaomical studies of the elephai® pad revealed the existence of sensoryls;ekocalled
mechanoreceptors, which might be capable of detecting seismic properties of low frequency
vocalizationsd h O/ 2ef §1,51899; Weissengrubest al., 2006) If this assumption is correct, the

St SLKIyioa F220G YI & -disineecommuitlibrS g1 yi N2t S Ay f 2y 3

Management and Care

Foot health igcritical for the physical health of the heaviest terrestrial mammal on earth. Although
elephant owners are aware of this aspeahd our understanding of the underlying anatomy and
physiologycontinues toincrease significantly, foot health issues dol sgépresent one of the most
frequent health concerns in zoo elephariEdwardset al.,, 2019; Wendleet a., 201%). Despite this

fact, there is only one standard textbook on elephant foot care, which has been published nearly 20
years agdqCsutiet al., 2001) Therefore, knowledge and skills concerning elephant foot aegenostly
developed within elephant keeper teams of zoological institutions, and different husbandry conditions
required differentapproaches, so that there might not be one single way in doingerfoot care. In

this section we present some genersdcommendations whickhould be adapted tahe specific case

and individual elephant.

The precondition for checking as well as trimgielephant feet ifiavingan infrastructure allowing
appropriate access to each elephant foot. This includes the training of the elephant to allow inspection
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of each foot at any time and in various positions. The latter should be comfortable for thahatd

but also for the staff doing the physically demanding trimming. Naturally, safety precautions need to
be ensured as well. In protected contact, appropriate height, size and construction of the openings in
the training wall are critical. Having adapta openings is considered highly beneficial because they
allow flexible adaptation to individual elephasizes and joint mobility (Fig.®. The latter might be of
increased relevance in geriatric elephantsindividuals suffering from degenerative joidisease. In

such individualst is recommended to conduct foot care in short bouts to avoid staying in unnatural
positions for extendegberiods

o

&

Figure 3 Foot care opening in the training wall in a protected contact syétem. Note the adaptable cros

With respect to the often protracted and elaborate treatment of foot disordargreventive approach
is considered to be of utmognhportance. Hencet isstrongly recommendo conductdaily monitoring
and physical cheslof every part of the footncludingtoe nails, interdigital spaces, cuticles, dodt
pad. Proper inspection is only feasible after washing the feet and under gooddjghhditions.Daily
monitoring should include observation of standing behavior and gphants might suffer from
severefoot lesions without showing distinct lamenefisewiset al, 2010) Often, alterations infe
posture while standing can be seen earlier in the disease praediser than changesin the gait
pattern (Fig. 8).
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Figure & This geriatric female Asian elephant suffers from painful lesions in both front feet and struggl
shift its weight towards the hind quarter.

Considering the fact that most captive elephants use their feet less compared to thetafiging
counterparts and are provided a constahigh-quality diet, foot disorders might be due to insufficient
wearratherthan overgrowth. Nevertheless, the result remains the same and requires regular trimming
of the feet.There is no generally recommendable interf@l foot trimsrather, it isrecommenad to
conduct demandbased interventions in accordance with daily monitoring. If housing conditions
facilitate walking behavior and natural use of the feet in foraging as well as digging behaviors, intervals
of foot trims might be extended with only minimal interventions being necessary. Moreover, soft
substrates have been shown repeatedly to reduce the risk for foot disorders in zoo elephants and are
strongly recommended when (#Eonstructing elephant exhibitéMiller et al., 2016; Wendleget al.,

201%). We consider prevention the most favorable approach and recommend working on the
corresponding husbandry coitins.

Practical considerations regarding foot care

To keep foot structures in a favorable condition or to correct alterations, a variety of tools can be used.
These are hoof knives of variable shapes and sizes, rasps and files. In cases where ibigh [@rec
required, it might be helpful to use wood carving tools as well. Independently of the chosen
instrument, its sharpness is most relevant. Hence, it is strongly recommended to check this before
starting the trimming. More recently, several elephdmuidersstarted to use electrigrindersfor foot

care. Although elephants seem to tolerate these instruments if accommodated to the noise and
vibration, we recommendaution inconsidering their use. While they are highly beneficial in relieving
the physicalworkload and speeding up trimming time, potential damage through heat production
might be underestimated. Additionally, it is more difficult to estimate how deep the trimnisinigpne

with these tools, and the risk of trimming too much might be increased. If these tools are applied, we
strongly recommend using appropriate grinding disks and low rotational frequencies. It should be kept
in mind thatelectricgrinders are usuallgonstructed for the trimming o€attle hooves In the latter
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the hoof horn is much harder than in elephants. Moreover, hoof horn quality and hardness in
elephants are known to vary significantly inrt@s well as intrandividually. Hence, we recommend

using manually controlled devices for foot trimming in elephants. Further research might provide more
evidencebased recommendations in this subject in the future.

Soaking and bathing of affected feet with and without antiseptics is often recommendeaugtih

this might support the cleaning, we wish to add the following aspects for consideration. In sole
abscesses with exposed dermis, extended soaking might have the drawback of transferring the
microorganisms deeper into the tissue due to the dermal papilicting similar to a wick. Hence, we
recommendkeepingsoaking bouts short. In solar horn and pad lesjsnaking might only be effective

if the applied container is adapted to allow circulation of the solution below the foot. If these aspects
are condilered, soaking &y be helpful and have a softening effect on the nails, which may facilitate
subsequent trimmingSoaking can never replaagherapeutic pedicure.

Agent

| Indication

| Comment

Wound cleansers

Commercial soaps

Initial preparation and
decontamination of heavily
contaminated wounds.

Toxic to fibroblasts and should not b
used in advanced wound cleansing.

Commercial wound cleansers

Initial preparation and
decontamination of moderately
contaminated wounds.

Neutral pH solutions should be
preferred.

Tap water

Decontamination of wounds
and early lavage.

Acceptable for early lavage.

Sterile infusion fluids (e.g. 0.9%
alrtAySs €1 0GF 4GS

Lavage of decontaminated
wounds.

Non-toxic tofibroblasts. No irritant
effect.

Antiseptics

Povidone lodine

Irrigation of abscesses and
wounds.

Has a broad antimicrobial activity ar
4-6 hours of residual action.
Inactivated by organic material and
blood.

Chlorhexidine

Reduces antimicrobial
contamination of wounds.

Has a broad antimicrobial activity.
Not as irritating to healing tissues
compared to substances.

Hydrogen Peroxide

Deep wounds, abscesses with
anaerobic bacteria, initial
treatment only.

Has a narrow antimicrobial spectryn
especally anaerobic bacteriand is
not recommended for wound
management.

Topical antibiotics (should be used based on culture of infected wounds)

Silver sulfadiazine

Infected wounds with
susceptible pathogens.

Broad antimicrobial action including
Pseudomonasp.and fungi.

Nitrofurazone

Infected wounds with
susceptible pathogens.

Good antimicrobial effect but not
againstPseudomonas sp.

Gentamycin sulfate

Infected wounds with

susceptible pathogens.

Narrow spectrum of antimicrobial
action but effective against
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Pseudomonas spnd gramnegative
pathogens.

l'YGAOA2GA0 &LINI|-

Poor penetration and mainly placeb
effect. Not recommended.

Topical herbal and alternative therapies

Aloe vera Chronic wounds with low
healing activity.

Stimulates local immune response
and wound healing. Shows some
antimicrobial properties. Use in
elephants not reported so far.

Medicinal honey Wounds with low regeneration
activity.

Broad spectrum antimicrobial and
anti-inflammatory propertiesThe
high osmotic value of honey
promotes drainage of the wound.
Stimulates new tissue growth.
Anecdotal use in elephants with
promising results.

Low level laser therapy (LLLT) Chronic wounds wh low
healing activity.

LLLT has been shown to increase
wound healing in horses. Use in
elephants anecdotal but not reporte
evidencebased so far.

Table10 Commonly used ages for foot baths and wounthvagein elephantgmodified fromBIAZA
Managemen Guidelines for the welfare of elephants (2010ote that further agents may be

required depending on the specific lesion.

To avoid contamination and irritation with dirt, the applicatioregfrotective boot has been proposed
(Csutiet al.,2001) Based on our experience we do not recommend this approach, since humidity,
body warnth and low oxygen concentration inside the boot may provide an ideal substrate for
pathogenic microorganisms. We consider it more beneficial for the healing process to allow proper
drainage of secretions and air contact to let the lesion dry. In order toaedontamination with dirt,

we recommend keeping affected elephants temporarily on a relatively clean substrate (rubber,
concrete). In such cases it will be highly beneficial to have a concrete floored box available, despite the

general advantages of safubstrates.

In cases of more severe disordefarther diagnostics by radiographs are strongly recommended
(Hittmair & Vielgrader 2000; Mumbyet al., 2013) This methd presents an effective tool for
determination and monitoring of affected bony structures, although individual anatomic variation

should be taken into accouiiRegnaulet al., 2017)

If restricted to the distal limb, abscesses and infections are usually treated locally with antiseptics and
antibiotics. Whetheror not systemically administered antibioticanreach appropriate acting levels

in the dermal stratures of the footis questionable. In severe casaspeated intravenous perfusion

has been reported as a very effectiveethod of administration, even in cases of oste{fButtonet al.,

2017; OllivetCourtoiset al., 2003)
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I 2y F2NXYIGA2Y 1t Foy2NYIFfAGASE OFy OFdzAS |y dzyS@Sy
with subsequent chronic disorders. Although corrective trimming might allow symptomatic treatment,

a correction of the conformation might be needed to impe the underlying cause. Although

promising results have been recently reported with ghreshoes, further research in this method is

needed to evaluate itfeasibility(Johnsoret al., 2018)

Currently there is no evidence on the beneficial effect of feed supplementaifddiotin (vitamin B)
(Wendleret al., 201%). Although a positive effect on hoof quality has been shown in horses and diet
supplementation leads to elevated serum biotin levels in elephants, furthegaieh is needed to
determine its effect on foot healtfBenz 2005; Wendleet al., 201%D).

I OO0dzN> 6§ S R20dzySyidldAazy 2F SIOK AYRAGARdzZ £ St SLKI
so will enable reevaluation and confirmation of progress over extended treatment periods. Example
documentation forms havdeen provided byBenz (2005)Fig. J). Additionally a more objective

approach to scang and monitoing of foot health has been developed recen(krtl et al., in press)

The authors of the latter provide an Exicsheet allowing the automatic calculation of the foot score

(Fig. B). The Excel sheet will be availabletbe EAZA Elephant TAG document pageyorequest

from Dr. med. vet. Paulin Wendlgrgulin.wendler@web.dge

| EXAMINATION FORM FOR AFRICAN ELEPHANT HOOVES | [ EXAMINATION FORM FOR ASIAN ELEPHANT HOOVES |
Name of the Date:, Name of the Date:
f,'--'"- \ { “—7.,«_\ \ h Le® ront foot E = '\ __’mem
6y u_ﬂg \3 3 & 5
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Figure I Example speciespecific documentation forms provided Benz (2005)
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4 a || c | ® E | F 6 | H |1 | k| M | N | o
1 |Paulin Wendler, y of Zurich. For d pl d me an email t
2 _|Institution:
3 |Name of the elephant: Type X (as capital letter) if the respective pathology occurs,
4 |Date: the scores will automatically be calculated.
5
6 mild moderate severe

Minor | Attached | Solarhom | Major  Fluid | Soft |Purulent Purulent Altered | Apical Squared
7 Normal | nail crack | cuticles | defect | nail crack | pockets | pad | nail pad  nailtissue| lesion | value | value
8 |left front | N1 ] 0
9 N2 ] 0
10 N3 ] 0
n Na ] 0
12 NS o 0
13 Pad ) 0
14 |right front N1 | 0 o
1] N2 ) 0
16| Nz 0 o
17| na | 0 0
18] :NS o 0
19 Pad ] 0
20lefthind N2 | [ 0
21 N3 L] 0
22 N | ° 0
23 NS L] 0
24 \Pad | o 0
25 |right hind N2 | a 0
26 N ] 0
27 N4 a 0
28 LN ] 0
29 Pad ° 0
30
31 ParSev Score: 0
32 Sum of squared values]

Figure B9 E O&heetto calculate an objective foot score (ParSev Score) accordirt & al. (in press)

Ideal condition of foot structures
In the following section examples of the ideal condition of each foot strecine provided in order to
allow comparison while doing daily checks.

Interdigital space

- = P e e T3 et wod a

Figure 3 Front foot of é femalejb\frican'eléphan{. The skin in the ihter&igitéllspace should be dry and w
Fye ANNRGIGAZ2Y D LRSIffteées GKS aLl OS o0SGsSSy (K
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Cuticles

T S

Figure40 Well-conditioned cuticles in th front foot of a femae Arican elephant. The cuticles present

dorsal junction between the skin and the nail capsule. Ideally, the cuticle passes smoothly into the nail\
any swelling, thickening or feathering. Due to the aforementioned sweatdgl the area of the cuticles migt
show some humidity, particularly on hot dajfsamps<et al., 2001)

Nails/Sole

Figure 4 Wellconditioned nail wall in the hahfootofan! a A+ y St SLIKI y i 0 6t Ertzf J

¥

A

Figure 2WelkO2 Y RAGA2Y SR a42fS NBIAZ2Y 2F GKS vHidet Ay

Wendler/Nicolasrtl).
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Based on the anatomy and physiology discussed above, it becomes obvioliskttat St SLIK I y i Qa
have no weight bearing function. Hence, when the elephant is standing on a hard and even surface,
there should ideally be no pressure on the nails. The shape of each nail may differ individually as well
as the thickness and hardnesfthe horn capsule.

Pad

Figure 8 Ideal pad condition in the front (left) and hind fo@tght) of an Asian elephant.
The profile of an ideal wellorn pad looks similar to the structure of a car tire. This means that there may be s¢
grooves,which ensure grip on various surfaces. These shallow grooves should be differentiated from fissure

quality of the pad is known to vary individually as well as the shade/hue of the pad tissueJle® (i dzNB
Wendler/Nicolasrtl).

Footstructure conditions requiring treatment

Similar to the example pictures for the ideal condition of the foot structures, examples of foot related
disorders are provided below, along with a shorthand proposal for treatment. Further discussion of
the speciic pathologies and their treatment is not within the scope of this section, but corresponding

information can be found in the literatur@sutiet al., 2001; Landol®& Terrell 2018)

Interdigital space

Figure 41 Too narrow interdigital space in the front (left picturé) and hind foot of a female Asian eleﬁaﬁt.
Note that the corresponding nails are nearly rubbing.
Proposalfor treatment: Nail trimming to bring them into natural shape and widen the interdigital space.

118



EAZA Eleplm Best Practice Guidelines 2020

Cuticles

Qs

Figure & eatherig of the cuticle (and sverely overgrown nail) in the hind foot of a female African elephant (left)
and the hind foof(right) of a female Asian elephant.

Proposal for treatmentTrimming of the cuticles, rasping/filing the nail surface to create a smooth transition
between the cuticle and the nail wall.

Figure 6Cf dZAR L1201 SiGa Ay (G(KS 2@3SNENRBgy OdziaOfS 66
Proposal for treatmentTrimming of the cuticles to create a smooth transition to the nail wall.

Proposal for treatment:Trimming the cuticles.
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Nails/Sole

Figure 8 Overgrown nailé with hornrn in the front foot ofa female Asian elephant.
Proposal for treatmentTrimming of the nails to bring them in a natural shape
br o 7

T ot :A:“?T‘ Sy ::Pi" S A
Figure 4 Severely overgrown nails in the front foot of a female African elephant
Proposal for treatment:Trimming of the nails to bring them in a natural shape. Examination of the

conformation which might cause the uneven nail growth.

,\(\/

FlgureSOVertlcaI and horlzontal nail crack in the front feet of a female Asian elephant.
Proposal for treatmentTrimming of the nails, keeping the cracks clean, determining and eliminating the underlying
of crack development.
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Figure 5INail abscess with opening in the sole region of the nail in the front foot of a female Asian elephant

Proposal for treatmentAlternatingly timming and letting the superficial tissue layers atrophy until healthy granulation ti
is present. Undetermed and hypergranulation tissue needs to be removed gradually.

Keep the lesion clean.

Figure 2 Chronic abscess with openings in the sole as well as the coronary region in the front foot of a

Asian elephant.

Proposal for treatment:Alternatingly trimming and letting the superficial tissue layers atrophy until hee
granulation tissue is present. Undetermined and hypergranulation tissue needs to be removed gradual
the lesion clean. Radiographs to determine whether boneféstal. Intravenous perfusion with antibiotic

should be taken into consideration.

121



EAZA Eleplm Best Practice Guidelines 2020

Figure B Multiple abscesses (indicated by yellow arrows) in the nails of the front feet of a female
elephant. Note the protruding granulation tissue and theeeing behavior (alternating lifting of both feet).
Proposal for treatment:Alternatingly trimming and letting the superficial tissue layers atrophy until hee
granulation tissue is present. Undetermined and hypergranulation tissue needs to be remexheallgr Keep
the lesion clean. Radiographs to determine whether bone is affected. Intravenous perfusion with ant
should be taken into consideration.

Important note regarding nail lesions:

With respect to the growth rate of the horn wall gbaroximately7 mm/month, the repé of a defect
in the coronary region of the nail will take almost one year if a horn wall height of 7.5 cm is assumed

(Benz, 2005)
Pad

B — Al RS L . . .
Figure B9 EUSYRSR RSF¥FSOU0 Ay OUKS LIR 2F | FSYIFfS ! a
in the front foot of a female Asian elephant.

Proposal for treatmentTrimming of the pad. Undetermined tissue layers need to be removed gradually

lesions clean.

Photo credit in this chaptemwhere not irdicated differently copyright Christian Schiffmann.
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