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The three taxonomic groups presented
in this chapter are bound by the common
denominator of husbandry, lTongevity, and
disease problems. The zebra, rhinoceros,
elephant, and hippopotamus are among the
euarliest of the large exotic species to have
been kept in captivity and are syvuonymouns
with cireuses and zoological parks. A great
number of these animals are kept on private
ranches and farms and in commercial safari
parks and zoos becanse of their general
appeal and hardy constitutions.

CLASSIFICATION

Perissodactyla is a diverse order con-
taining odd-toed hoofed mammals.™ Most of
the animal’s weight is carried on the middle
toe of each foot. The tapirs have retained
four toes on each front foot but have only
three on each rear foot; rhinoceroses have
three toes on cach foot; and the zebra and
other exotic equids have only one function-
al toe on each foot.

Equidae is a family containing wild
horses. asses, and zebra,**"

The Mongolian wild horses (svn.,
Przewalski’s horse, Equus przewalski)
range from southwestern Mongolia to
northeastern  Sinkiange  Province, China,
roaming the semiarid steppes of this re-
irion, 19 250200

The Mongolian wild horse is a short,
bulky animal whose weight may vary from

PERISSODACTYLA
| (EQUIDS, TAPIRS,
~ RHINOS), PROBOSCIDAE
(ELEPHANTS), AND
HIPPOPOTAMIDAE
(HIPPOPOTAMUS)

225 to 240 kg (Fic, AL They ranze in
color from licht tan to buckskin, with a
narrow diark stripe conrsing down the dersal
midline, and occasionally there are Lt leg
stripes. The fower legss nume, and il we
black. The abdomen and mozzle are pale
“to bull, The head s Jarge and exhibits o

promnnent “Romuan nose. The mane is stiff

and upright with no forelock. Their cesta-
tion period i 330 assand they e trom
27 to 32 vears,

Zebras (Equus grevyil b burehelli and
E. zebra) are abondant on the plaius of Afri-
@

Groevy's zebras {Fquus grevyii ranee
from southern Ethiopia to northern
Kenva ™ #3559 They are the Locest of the
zebr and are characterized by sharp. nar-
row stripes extending to the hoof, 4 white
belly, and Lrge, ronnded. Turred cars - Fi,
B). They ranve in bady weicht from 431 to
451 ke.® The cestation period averaces 3949
davs, and they have a longevity of 29 to 33
vears.™ '

The Burchell's vroup contains three
races of zebras (Fig CyE5 Chapman's
zebra (E. burchelli antiguorum), Grant's
zebratE. b, bolimi), and Selous zebra(E. b,
selousi). The Burehell's zebras have wider
stripes and are smaller than the Grevy's
zehras.,

Their cestition period averazes 366 ta
375 divssand they have a tongevity oi 22 ta
28 vears. ™

The quavea (. quacza), now eatingt.
761




762 MAMMALS

once roamed the plaius and bush of the
Cupe of Afvica. The last one died in 1883 in
the Amsterdinn Zoological Garden 20

The mountain zebras (E. zc¢bra) are
smaller than the northern species. 2"
They are characterized by strong striping to
the hoof, no shadow striping, and body
stripes that do not meet the ventral midline.
Short crossbars on the rump and taithead
join the upper Hank stripes. lorming a
characteristic “grid.” A fold of skin on the
ventral midline of the neck torms w dewlap
or bell.

The family Tapividae is chamceterized
by a stont, swine-like bady, a fused nose
and upper lip that torm a short flexible pro-
boscis, and o blunt, stubby tail#" As a
group the tapirs prefer heavy vedetation,
swamps, and tropical moantains as habitat.
All tapirs swim rather well and will tuke to
witer as an escaipe.

The Brazilian tapies (Fapirus terres-
trus) range from tropicad South Awmerica
from Puaraguay to northwestern Colomhia,
.z Phey are bhrown with a thin, white
cdge on their cars (Fig D). Both sexes
possess - prominent nuchal crest. They
average 130 to 180 kg in bodv weight.

The Baird's tapiv (T, hairdii} is similar

to the Brazilian tapir, diftfering in the fack of

a prominent nuchal crest.s -

is characteristic.

The mountain, or woolly, tapirs (T, pin-
chuque) range the Andes of Columbia dnd
Lcuador at around 2000 to 4000 feer. =
They have wiry bhlack hair with prominent
white car and lip fringes. They range in
weight from 110 to 1135 ke

The Malavan tapirs (T, indicns) rnge
from Sumatra northward through the Malay
Peninsula to Burma and Thailand. -2 w0
They are bluck with white ear tips and a

A st nmane

large white saddle. Thev are the Largest of

the tapirs, rnging in weight from 260 to 315

ke

The gestation periods ol all species of

tapirs range from 392 to 400 davs.* ™ New-
bhorn tapirs are marked with white to yellow
spots and stripes that disappear by the auwe
of four to six months.™

The Eunily Rhinocerotidae contains the
second Targest of the Tand mammals, heing
smadler than only the clephant, ™ 520 They
are characterized by one or two horns an the
skin overlving the nasal hones. The horns
are composcd ol collagen fibers bound to-
gether by an amorphous collaven. The hom

is often_wrongly referred to as compacted
hair. There is no bony core in the horn: it
grows continuously and will be completely
replaced in one to two vears if knocked off.
The Eastern belief that rhinoceros hom is
an aphrodisiac had led to widespread de-
struction of rhinoceros populations.

As a group, rhinoceroses are entirely
vegetarians: they enjoy wallowing in mud-
holes or swamps to cool themselves and to
protect theiv skin from biting insects.

The white rhinoceroses (synonvm.
square-lipped rhinoceros) (Diceros simus
simus) are indigenous to the central prov-
ince of Natal in the Republic of South Alrica
(Fig. 18-1). Their skin color is charcoal to
light gray when not covered with mud.
They ranve in weight from 1500 to 2300
k5520 The anterior hoen length in the wild
is trom 73 to 1585 ¢m. The posterior hom
length rarely exceeds 25 em.

The white rhinoceros is a social animal,
living in large nursery groups and hachelor
herds. There are old territorial bulls, The
animal is a short grass grazer almost exclu-
sively. .

The  black  rhinoceroses  (synonvm.
hook-lipped rhinoceros) (Diceros bicornis)

Figure 18-1 White. or square-lipped. rhinoceros
{Oiceros simus simus). Courtesy of L. LaFrance. Chi-
cago Zoological Society. Brookfietd, lilinois.)
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Figure 18-2 Black, or hook-lipped, rhinoceros
{Diceros bicornis). (Courtesy of L. LaFrance. Chicago
Zoological Society, Brookfieid, Hiinois.)

are the most common rhinoceros of Africa,
although their numbers have been depleted
in modern times (Fig. 18-2).'3 25 wi. 110,20
Their skin color is darker gray to black
when compared with that of the white rhi-
noceros. They are a smaller species than the
white rhinoceros, being from 143 to 1.8
meters high at the shoulder and weighing
from 1000 to 1400 kg. The anterior horn
tends to be more recurved, averaging 62,5
em. in length with a record of 132.5 ¢m.

Black rhinoceroses tend to be solitary
animals in the bush; they prefer thick
brush and are primarily browsers. i1 They
have a longevity of 35 to 40 vears.

Tlie great Indian rhinoceroses (Rliinoc-
eros unicornis) were once widely distribut-
ed from Kashmir to Indochina: thev are now
found only in game reserves in Bengal and
Nepal and in zoological gardens.'s #5201 5¢
last count there were 400 in India and 300
in Nepal. Both the male and female have g
single horn averaging 60 ¢m in length. They
have heavily folded skin with knobby pro-
trusions giving the impression of armor
plate. They range in heizht from 1.5 to 1.62
meters at the shoulder and in weight from
1700 kg in the females to 2100 kg in the
males. ™™

The Javan rhinoceros (R, sondaicus)
once ranged from Burma through sontheast
Asia to Sumatra and Java ™ 0 The males
possess - characteristic stubby horn that
grows only ap to 25 emvin lencth. The males
stand LG8 meters at the shoulder.™ There
are only 30 to 40 living individuals at this
time.*?

The Sumatran thinoceros (Didermeoe-
erus sumalrensis is the suadlest of the
rhinoceroses, ranging from L to 1.3 meters
at the shonider and weiching ahiont 1000
K™ They have loug, wiry red hair that
covers the hody, and they have two hormns,
The anterior horn reaches lengths of SO em.

The Bomily Hippopotamidae is actially
placed tvonomically within the order Ar-
tiodactyla with swine, deer, and antelope,
They have Lrge., hulky hadies. relatively
Large head, and prominent hristles about the
lips, cars.and tail tift, The eves and nostrils
arc raised, and the nostrils are provided
with valves to allow the hippopotamus to
Hoat submereed with the eves and nostrils
above water. Althoneh eredited with areat
ability to hold their breath, the averade tiime
the hippopotamus can remain submergzed is
forr minntes,

i

{

;1

e Y

I A

1

§

Figure 18-3 Pygmy hippopotamus (Choeropsis
liberiensis). (Courtesy of L. LaFrance. Chicago Zoo-
logical Sociely. Brooktield. Ninois.)
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The  river hippopotamus  (svnonvin,
river horse) (Hippopotamius  amphibius)
ranzes from Afvica south ot the Sahara from
the vreat Jakes of cast Ahica southward to
Rhodesia and the Republic of Sonth Afvi-
ca 5 The males ranse in height from
1.2 to 1.5 meters at the shoalder and in
wetuhit from 2000 to 2500 kgt [arge

herds of hippopotmnuses are made up ol

females and calves; the males gencrally five
in bhachelor herds or singly,

River hippopotamuases sleep in the
shatllows of rivers or lakes during the day
and venture severad miles inkand at nicht to
graze on grass and reeds.

The - river hippopotwunns conmmonh
lives for 15 to 30 vears.

The pyemy hippopotumuses (Cliocrop-
sis liberiensis) are indigenous to the forests
of West Africa (Fiy 18=-3)1- 2256 The center
of their range appears to be Liberia.'™ They
are from 0.6 to 0.75 mecter high at the
shoutder and weigh up to 230 ke,

The pyemy hippopotmnus commonty
has a tite span of 38 to 40 vears.™

The order Probosciden contains the
familv Elephantidae, the Luzest of the liv-
ing Lind nualds 0 Elephants adapt
well to captivity and have been used as
domesticated beasts of burden in Asia and
portions of Alrica for thousands of vears.
Both <pecies of elephant. the African and
the Asian, possess tusks. large upper inci-

S

sors adapted for digging and peeling bark
oft of trees. Both sexes have tusks; however,
occasionally a tuskless elephant is reported.
The tusks of the males are typically bulkier.
The ivory is composed of a dense dentin
and has been used by man for thousands of
vears for ornamentation.

The Asian clephant (Elephas maximus)
ranges from India eastward through south-
cast Asia (Fig. 18—1).'3-26. 3¢ The Asian ele-
phant is a stout, bulky animal with a trunk,
an clongated proboscis composed of the
nose and upper lip.™ The trunk is said to
contain “40,000” muscles, which provide
the organ with great dexterity and strength.
The distal end of the trunk possesses a
sensitive finger-like papilla on its dorsal
aspect. The high point of the Asian elephant
is located at the middle of the back. The
Asian elephant has five toes on the [ront feet
and' four on the rear. They varv in height
from 3.1 to 3.5 meters and in weight from
4000 to 3800 kg 8- 150, 201

The Asian elephant has a documented
life span of 65 to 70 vears. although claims
of 100 vears and more have often been
made.

The African elephant (Loxodonta afri-
canus) ranges from East Africa south and
west and may be found in isolated popu-
lations throughout Central and South
Africa'® # »2 The high point of the
African elephant is the peak of the rump.

Figure 18-4 Asiatic ele-
phant (Elephas maximus).
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MAMMALS

TABLE 13-2 BLOOD CHEMISTRY OF ZEBRA, RHINOCEROS.
AND ELEPHANT'SS 1€5. 174, 175, 184, 190

|

Na K CL Torar CO, Ca P Giu. BUN
SPECIES (mEGIL)  (mEcil) (mEqrL)  (mEqIL) (mg %) (mg > (mg i (mg™
Granis zebra 133- 35- 87~ 17-23 9.7-  3.6- 38— -5
147 53 104 12.1 6.4 132 .
véhite rhunoceros 134 45— 92— 26.2- 11.2- 4.7- 6 - ’
144 35 98 294 12.6 5.6 112 15
Alfican elephant 128 6.4 88 - 7.4 as 53.23- 3
199.72
Asiatic elephant 130 - © 900 - - 4.9 - -
They have four toes on the front feet and tapirs, elephants, and hippopotamuses are
three on the rear™ 2 The  African presented in Tables 18-1, 18-2, and 18-3.
clephant ranees in height from 3.6 to 11 Many of the values are similar to those in
meters at the shoulder and in weight {rom the domestic horse. with a few notable dif-
3500 ki in the females to 6000 kg in the  ferences. The elephant’s RBC measures 9.5
males e e to 9.6 & in diameter. The total blood protein
The trunk of the Mriean clephant has a0 is greater than that of the horse {Table 18-
Hlattened projection (ny(i\c dorsoventral as- 4).
pect o the distal trunk, giving it “two Blood collection on the elephant and
fingers” when compared to the Asiatic ele- rhinoceros is casiest from the larze auricnlar
phant’s single dorsal “finger.” veins (Fig. 18-3). Blood collection from the
Both the Asiatic and Afvican cleplunt™ celephant is made easier by washing the
araze and browsce, cating grass, recds, lwigs, back of the ear with warm water prior to
and the bark oft of Lareer saplings, limbs, collection to cause the vein to stand out. [n
and ree trunks. , the cquids. blood samples are collected

from the jugrular vein, as in the horse (Fig.
18-6). Blood is collected from the femoral
vein or the brachial vein of the hippo-

BIOLOGICAL DATA potamus and tapir (Fig. 18-7).
. " The heart rates per minute for the
Some of the hematolodical and serim zebra, rhinoceros, and elephant are 55 to 81,
chemical values of zebras, rhinoceroses, 64 to 67, and 34 to 46 respectively. ™

I 3 SR
o BRG]

- -’;sc'{.!;, hE C. A

o Wy
g/’s!‘g; =V syt (o 2§ AN ¢
Figure 18-5 A. Collection of blood from auricular vein of a white rhinoceros: 8, injection of intravenous

medication via auricutar vein of black rhinoceros.
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PERISSOCACTYLA, PROBOSCIDAE, AND HIPPOPOTAMIDAE

TABLE 18-2 BLOOD CHEMISTRY GF ZEBRA. RHINOCEROS.
AND ELEPHANT (Continued)

unic A,

ToraL Pro. CHOL. FrBRINOGEN SGOT CPK LDH ALK, PHOS. Mo
(mg %) (Gm%) (mg % {mg °°) () (i) [ () (mEq/L)
0.3- 5.5~ 85-197 227-567 54— 12~ 254- 86-20° -
2.5 7.7 100 26 287
- 7.1- 88-110  470-573 39-55 60-128" 212- 93-127" -
o8 - 3z8
0.38- 8.0~ 121 - 26.8- - 23334- 71 (KAU 34
0.82 9.3 (63.3- 35 626.46
7.3
wild)
- - - - 39 (S.F.U) - - _

from the jugular vein of a Grevy
zebra.

‘These reported values are higher than normats for other species.

The electrocardiogram of the elephant has
been recorded many times. The recordings
are easily made at low voltage and are best
recorded with Lead I (Fig. 18-8). The heart
rate of the elephant increases to 60 beats per
minute with strenuous cxercise.

The respiratory rates for zebm, rhinoc-
eros, and elephantare 10 to 18, 12 to 16, and
10 to 12 per minute respectively® The
sleeping respiratory rate of the elephant
drops to four to five respirations per minute.
Blood gas levels for the zebra and exotic
equine have been reported (Table 18-5).

The nommal rectal temperature of the
zebra, rhinoceros. and elephant are 38.3 to
39.2°C, 29.4 to 35.0°C, and 36.0 to 38.8°C
respectively.® ™ The rectal temperature

Figure 18-6 Blood cotlection

.5‘4‘
Foe

&)

MR

v

will fluctuate slightly with the environ-
mental temperature and will elevate with
exercise and excitemeént.

The urine ot a healthy elephant is striw
colored and slightly acid.

More urine is passed by the elephant at

night than during the dayv; the specific arav-
ity is between 1004 and 1.033. The average
volume per void varies between 5 and 11
liters. with a total average daily volume of
30 liters.™ ™ Nore than 2 ke of solids are
-excreted in the urine per day, of which 20
per cent is mineral and 80 per cent is
organic material. About 3 mg of nitrogen is
in cach ml of urine, the totad 24-honr excre-
tion total being 2335 um. The daily exceretion
crate of NaCl in the urine is 160 gm "
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Figure 18-7 Collecting blood {rom a Malavan tapir.
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Figure 18-8 Electrocardiogram of three adult elephants (lead 1). (From Geddes. L. A.. et al.. Southwest.
Vet. 20:211-216, 1967.)
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TABLE 18-5 VENOUS BLOOD GAS AND pH VALUES FOR EXOTIC EQUIDAE™

pH Pco; Po,

HCO,

Total
CO. Source

Grant's zebra 7.5 60.4 59.9
Onager 7.37 54.8 271

Tarpan 7.42 49.4 36.1

20.0- 21.9

323 30.9

31.2 35.2

Jugular vain_
Jugular vein 19

Juguiar vein 19.5

HOUSING

Basic housing for zebrus, tapirs, rhinoc-
eroses. elephants, and hippopotaiuses in-
cludes a spacious vard and indoor stalls. All
but the zebra need acceess to pools as well.

Chain link fencing, stockade fencing,
or moated harviers may be used for tapir and
zebra and other exotic equids. The chain
link should be at least 6 feet high, and the
wire mesh should be placed on the inside of
the poles. The rhinucvrn.ﬁ/l\ippnputmnus,
and elephant require a -more substantial
barrier. Two-inch steel bars with 20-inch
centers have been used.

Utility: poles sunk in conerete 6 feet in
the ground to form a “stockade” fenee have
also been used. Conerete “hox™ moats 6 feet
wide and 8 feet deep hive been successtul,
Three to tour strands ot 122-inch to 5/8-inch
steel cuble may be used for outdoor and
indoor enclosures for rhinoceroses (Fig. 18-
9). The utility poles should be set 6 feet in
the ground and placed in conerete. Indoor
shelter is required for all of these species
except in the most temperate climates.

Zebras will grow long hair and adapt
well to cold weather, but the tapir, rhinoc
eros, hippopotamus, and elephant can only
tolerate temperatures below 60°F (16°C) for
brief periods of time while their inside
enclosures are being cleaned. In tempera-
tures below 40°F (5°C) and wet weather. the
“pachyderms” should be kept indoors en-
tirely.

Zebras and tapirs may be housed in indi-
vidual wooden box stalls meusuring 4
meters by 4 meters with sliding doors be-
tween stalls and the outdoors. The hay racks
should preferably be hung on the outside of
the stall to prevent head injuries (Fig. 18-
10). The cement floors should be bedded
with straw, grass hay, or wood shavings in
one corner. The cement should be
“broomed” prior to drving to obtain a high
traction surtace. Water troughs may be ol
the automatic type; they should be built
into the wall to prevent fecal contamination
and remove the physical hazard from the
interior of the stall.

Rhinoceroses, hippopotamuses. and el-
ephants are normally housed in concrete

Figure 18-9 Canble tence of
rhinocercs enclosure.

e
G

! o
omesiihe 94 i e R

A dp

5 ‘::‘M.’

i

il

e

-

el

b A b <o b rmandnas e LT




[

Figure 18-10 Connecting
box stalls for ungulates. Note
outside access to the hay rack.
which eliminates protrusions into
the stall.

structures. Wooden poles may be used to
line the interior walls. Five mecters by 6
meters is usually required for caeh individ-
ual. Hippopotamuses should have constant
access to a pool that is a minimum of 1 meter
deep. Even inside, tapirs, rhinoceroses, and
clephants should have aceess to pools veea-
sionally. The temperature of the pools
should be maintained at 60°F (16°C) as

above. Most filters will not keep the pools

clean. As a result, most facilities drain and’
fill with fresh water daily. When acceess tor

pools is not possible, water showers awill
sullice. )

Sunken water troughs should he used
for the rhinoceros, as nrrose high-wadled
concrete troughs physically prohibit drink-
ing because ol the hormn. The water troughs
should ideally be conceave “pans™ 3 feet in
dizuncter. '

Elephants should be hand watered in-
doors at least twice each day. The water
may be placed direetly into the mouth by a
hose or be pluced in a tub. Once the ele-
phant’s requirements are met, the indoor
water source should be removed. Access to
outdoor pools in warm weather provides the
elephant with a good diversion. -

Facilities for night chaining should be

included in the elephant’s stall. When a
single elephant is kept, the animal may be
chained by alternate fore or rear legs each
night. When several elephants are housed
together in the same barn or stall, they must
be chained both in the front and rear to
prevent them from getting tangled. In the
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latter example, the ront and rear chuains
shonld be 3 to 4 feet long and be connected
by a aniversal swivel to parallel front and
rear Upicket chains.” Zebrao clephants,
white rhinoceroses, tapirs, and river hippo-
potamuses are usually housed in sinall

groups. Black rhinoceroses and pygmy hip- '

popotiumuses are usually housed individual-
Iv or in pairs it compadible. Usually, two
nitles ol anv of thee speciesare not hansed
tocether unless spuce is not available.

RESTRAINT AND ANESTHESIA
Physical Restraint

Restraint of zebras, tapirs, rhinoceroses,
hippopotunuses, and cleplonts is usually
difficuit becnse of their size. T is alinost
impaossible to physically restraim an adult of
one ol these aninulds i they do not cooper-
ate. Youngsters can be phvsically restrained
with nets and ropes when they are very
small. Adults can be worked with il they are
trained. Muany of the tapirs are docile
enongh to allow minor numipulations and
physical examination in the stall (g, 15~
11). Occasionally, rhinoceroses have heen
given superficial examination with no re-
straint.

Most elephants are trained to wllow
thorough cexamination and manipulation
under the restraint of the handler’s com-
nmand. In contrast to the thinoceros and
tapir. the elephant can be trined to lie




F.ﬁ'—l} Seys 3

Figure 18-11 Physical examination of a Malavan
fzoir. using no restraint.

down. to pick up their teet for examination,
and so on. Most hippopotamuses and zebra
do not allow physical nunipulations.

Chemical Restraint

Restraint of zebras, rhinoceroses, tapirs,
hinpopatamuses. and elephiints requires
chemical immobilization for most proce-
dures, even to collect a blood sample or do
minor procedures.

ORAL: Promazine hyvdrochloride (Sparine)
has been administered orally in the form of
alfalfa pellets mixed with feed or pills in
bananas. As much as 2000 mg per day for
one year was administered orally to a ma-
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ture African elephant. 4.0 to 5.0 mg per
kg of body weight has been used on hippos.
The tranquilization produced is very mini-
mal. It did allow for transferring and getting
medication into a wound.

The use of promazine tranquilizers
causes a relaxation of or transient “paraly-
sis” of the penis of all animals in this group
(Fig. 18-12).200- 217

Intravenous anesthetics are not used in
this group of animals except to maintain
anesthesia once the animal has been im-
mobilized with intramuscular agents.

Intramuscular immobilizing agents are
by far the most common agents used to
restrain zebras. rhinoceroses, tapirs. ele-
phants, and hippopotamuses. The drug is
administered via the projectile syringe (see
appendix 1) or by pole syringe or han
injection. Etorphine (M99) is the drug of
choice.

M99 (etorphine HCI) by the IM or IV
route is universally useful for immobiliz-
ing ungulates including the zebra, tapir,
hippopotamus, rhinoceraos, and elephant.
M99 may be administered alone or in com-
bination with a tranquilizer such as xyla-
zine or promazine. The immobilizing ac-
tivity of M99 is equal to 1000 times that of
morphine and its analgesic activity is 6000
to 10.000 times that of morphine. M99 pro-
duces analgesia, tachveardia, and increased
bivod pressure, causes muscle stiffness
(reduced by administration of tranquilizer),
and lowers body temperature. In general,
total doses of 1.0 to 6.0 mg are quite effec-
tive for immobilizing the zebra, tapir.
rhinoceros, hippopotamus or elephant
(Table 18-6). ]

M99 has been used to produce seda-

Figure 18-12 Free-ranging
bull elephant showing partally
relaxed penis caused by the ad-
ministration of acepromazine.
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TABLE 18-6 AGENTS FOR CHEMICAL IMMOBILIZATION OF ZEBRA.

TAPIR, RHINOCERQOS, HIPPCPOTAMUS, AND ELEPHANT"

SPECIES

Dose

REMARKS

AGENT
Zebra M39
Zebra Succinylcholine
Tapir Mag
Rhinoceros Mag
Rhinoceros Xylazine
Elephant Mg9
Elephant Xylazine
Elephant Fentanyl
Hippopotamus M99
Phencyclidine

2-5 mg total dose

0.3-4 mg/kg

1-3 mg total dose

2-4 mg total dose

0.3-0.7 mg/kg

4-8 mg total dose

0.08-0.15 mg/kg

10-40 mg total dose
4-8 mg total dose

0.0-i1.1 mgrkg

Best drug for zebra. May be
used in combinaticn with
acepromazine or xylazine.
Induction 5-15 min. Has
specific antagonist-M 50-50

Induction in 5-10 min. No
analgesia. Can be used only
for nonpainful procedures.
Some mortalities reported

Drug of choice for tapirs.
Smooth induction and slow
recovery. Has specific
antagonist-M 50-30

Drug of choice for rhinoceros
5-10 min. induction. Occa-
sionaily has to be pulled down
to its side. Often used in
combination with xylazine or
acepromazine

Tranquilized animal sometimes
ataxic. May be used in
combination with M39

Drug of choice for elephants.
Induction in 10-30 min. May
be used in combination with

. xylazine or acepromazine

Induction in 25-60 min. Only a
tranquiiizer. Allows for foot
trim. blood collection. etc.
May be used in combination
with M39. Doses greater than
0.15 mg/kg are required for
excited animals

Not recommended

Induction 10-20 min. Must
keep awav from water

Used in combination with
xylazine or acepromazing

‘References: 1. 37. 44, 47, 71, 73, 79. 82, 88. 91. 94, 114, 115, 116. 120, 121, 124, 133, 145, 148, 149152 166.

199, 203.

tHon and analzesia for castration, for minor
surgery, for obtaining blood samples, for
manual extraction of tetuses, for applying
casts to fractures, and for hoof trimming and
many other procedures. The use of DMSO
as a solvent for M99 failed to increase the
speed of induction following parenterally
administered doses. [t is essential that a
sufficiently long needle be used (2.5 to 4.0
inches or 6.3 to 10.0 em) to fully penetrate
the thick skin and subcutaneous tissue of
the pachyvderms. Once the initial dose of
MO9 is given. the animal should not be
excited, aroused, or disturbed in any way.
Induction time is usually 10 to 153 minutes.
During the induction some individuals will
pace around in circles, eventually showing
an exaggenited gait sometimes called high

stepping, Elephants more typically sway
back andd forth during induction. Some indi-
viduads will move to a corner or side of the
stall and brace themselves with their head
while leaning into the corner or wall (Fig,
18-13).

The effects of M99 are additive. Should
the initial dose be insudficient tor the de-
sired effect, a supplementary, post-injection
dose may be administered after
(Fig. 18-14).

Some animals will bruce themselves
acainst the wall and not fall over even
thoush they are immobilized. IF after 20

20 minutes

minutes the animal does not fadl | it is pulled
over on its side. Once on its side. it will stay
immobilized.

Some elephants and rhinoceroses col-
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onto its side.

lapse rather suddenly at the higher doses:
theretore. the operators should stand clear
untit the animals are fully recumbent or are
braced acainst the wall. The hippopotunus
and tapir will seck the “safetv” of their
water pools as they begin to teel the cilects
of the M99, therefore. they should be kept
clear of water during immobilization and
recovery periods. Trained elephants can be
commanded to lie on their side during the
induction period or prior to injection to
ensure that they are in the correct posi-
tion. ;

The celephant can be safely guided 1into
the correct position and direction during
immobilization with casting ropes (Fig. 18-
1314-C) or by chaining them in position.

Sternal recumbeney of the elephant for
long periods of time (Fig. 18-16) should be
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Figure 18-13 A, Immobulized black rhinoceros leaning into corner. 8, Pulling immobilized black rhinoceros

avoided. as its abdominal viscera presses
against the diaphragm and thorax, prevent-
ing proper ventilation.

M99 induced anesthesia lasts 30 to 60
minutes before the animal starts to recover.
Anesthesia can be maintained with inter-
mittent intravenous injections of 0.3 mg of
M99 when needed.* % Intravenous drips
containing 4 mg etorphine_per 250 ml of 9
per cent NaCl have been used on a one drop
per second schedule established to deliver
I myg etorphine every 15 minutes.®- %'

A reduction in respiratory rate down to
four to six per minute occurs at the peak ot
M99 immobilization. If the respirations fall
below four per minute or if apnea occurs.
partial or full reversal with an appropriate
antagonist should be instituted.

Cuare should also be taken to maintain

DI AR
TR -;F ‘

I

Figure 18-14 A, Administering supplemental dose of M39 to a partially immobilized tree-ranging bull
elephant. B, Recumbency is imminent; nota original projectile 1n foreleg.
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Figure 18-15 A, Lateral view of elephant with casling ropes. which are used to force the animal into right
lateral recumbency. 8, Rear view. C, An elephant or rhinoceros can be rolled from sternal recumpency to lateral

recumbency or rolled over by using a parbuckie casting technique. (From Fowler A J. Zoo Anim Meoa. 5:27-30.

September, 1974.)

adequate temperature regulation during
long procedures.

The immobilizing effects of M99 may
be voluntarily reversed with antagonist di-
prenorphine (M 50-50) IM or IV at double
the dose of M99 (Fig. 18-17A-D); e.g.. a |
mg dose of M99 would be reversed by 2 g
af M 50-50. Nalorphine at 30 to 300 mg of
M283 at two times the M99 dose may also
be used as an antagonist. The reversal of ef-
fects can occur very rapidly it the antagonist
is given IV, so the operator should be pre-
pared to handle a fully awake animal. The
addition of tranquilizer or scopolamine to
the immobilizing mixture slows the recov-
ery time. Reversal with M 50-50 is normally
three to 10 minutes.

MY9 is the preferred drug for im-

mobilizing  this  group; however, other
drugs have been used.
Xylazine (Rompun) has been  osed

alone or in combination with M99 in tupirs,
rhinoceroses, und elephants (T ' e 18-6).
An averace of 0.9 o i LA S BUASY
Iewdye wartehit produced peak oficets w25

to 60 minutes when administered [V 16
'"If the elephant is disturbed during in-
duction, the total effect is reduced, Strong
stimuii during induction will cancel ont
the sedative effects of svlazine.

Figure 18-16 Slernal recumbency in a chem-
cally tmmohilized elechant lorces abdeminal viscera
against tra thoracsic viscora, nrevenina propeer vertle-
1> -
ation.
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Figure 18-17 A, Administering M50-50 intravenously to an African elephant to reduce'immo'bilizing effects
of M39. 8. Closeup of posterior surface of elephant ear and auricular veins. C, First stage of recovery. D, Return

to slernal recumbency

The initial effect is a decreased ability
to use the trank and a decrease inalertness,
which occurs at about 10 to 30 minutes alter
INUinjection - 2 The panimum elfects
reached at 23 to 60 minutes Last for 30 to 180
minutes.

During the peak effect of syvlazine im-
mobilization. the clephant appears to be in
a deep stupor; regular, deep respirations
oceur and the elephant will prefer to lean
against a tree or wal] e s s

There is atuxi, complete loss of trunk
movement, and a relaxation of the penis or
clitons with some dribbling of wrine. The
pupils are dilated. The elephant may lie
down but will rise immediately if disturbed
by noise or pain. The sedated elephant is
sufficiendy anesthetized to tolerate steadily
applied noxious stimuli. If only mildly
aroused, it will soon retuen to the sedated

state if left alone. Electrocardiograms of an
elephant given 0.08 mg per kg showed an
elongated P wave with a.1° heart block.
NXvlazine is contraindicated when cardiac
and pulmonary disease are present.

Excited animals require a 23 to 30 per
cent increase in the calculated dose.’*™
w18 Gick and exhausted animals lie down
and sleep for several hours. Nylazine has
been given daily for up to seven days; a 60
per cent decrease in food consumption oc-
curred.

Succinvicholine chloride is used to im-
mobilize the exotic equine and zebra for
brief painless manipulation, e.., marking,
catching, ete. The animals are then released
or transterred to gas anesthesia for mainte-
nance

Fentanyl has been used to immaobilize
rhinoceroses and elephants: however, it is
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not*recommended for elephants hecanse of
their tendency to recover temporarily under
stimuli (Table 18-6).

Azaperone has been used with good
results on a limited basis as a tranquilizer in
African elephants for minor munipula-
tions.™! B

Phencyelidine HCl in combination
with acepromazine or xvlazine has been
successfully used to immobilize” 19 hippo-
potamuses in a safari park (Tuble 18-6).
Seventeen were injected while in water by
projectile svringe. Eleven left the water
after being injected: six Hoated to the sur-
fuce und were salely roped and hauled to
shore. The elfects of the immobilizing mix-
ture lasted for an average of 38 minutes.
Immobilization in or necar the water s
usually contraindicuted.

Inhalant Anesthesia

Anesthesia may be maintained by trans-
ferring the animal that has been immabi-
lized with succinylcholine chloride, xyla-
zine, or M99 to as anesthesia (Fig. 18-18)7
A closed cireunit. large animal, cirvele type
gas machine is adequate.'- %1% Thiy
method has been successtully used on exot-
ic equines, zebras, and tapirs.

An endotracheal tube may be passed in
all species; however, the use of an oral
speculum or gag will be required to visual-
ize ur manually palpate the farvax and glot-
tis.

Figure 18-18 Zebra being
maintained under deep gas
anesthesia. (Courtesy of William
York. Lion Country Satari. West
Palm Beach. Florida.)

s

Flephants occasionally bave difficulty
in recovering from amesthesia, especiadly
when drugs other than M99 are used. The
elephant tries to get up prior to complete
recovery and seems to wear itself ont. As a
result, it is not able to stnd. The authors
miake i a practice to innnobilize elephants
in a cage where preparations have been
made to hoist the animal when necessary, A
block and tackle is attached to the support
beam. and w belt is placed around the ele-
phant inst behind the front leas, This can be
used (o move the celephant it it does not
hecome unesthesized in the right position
or to help hoist the cleplant il it cannot rise
on its own, Onee on its feet, the elephant
recovers well and can usnally support its
own weight, -

NUTRITION -
Diet

The cquids. rhinoceroses. elephants,
and hippopotamuses are total herbivores.
The tapir is basically o herbivore, bat on
occasion is omuivorons, In the wild these
animals graze and browse on grasses and

‘other vegetation.
[n captivity this group is fed a diet of

grass hay and commercial equine grain or
pellets (Table 18-7).

Ten to 25 per cent of the grass hay may
be substituted with mixed prairie or legume
hay. All diets may be supplemented with
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TABLE 18-7 DIETS FOR EXOTIC EQUIDAE. TAPIR, RHINOCEROS,
HIPPOPOTAMUS, AND ELEPHANT

Zebra

Exotic equidae

Grass hay free choice

10-25% mixed prairie or legume hay
Grain suppliement — 50°% equine pellets

1
—50% dairy COndlhonerqz -6 liters

Yellow vegetables, fruit—0.5-1 kg

10-25% mixed prairie or leqgume hay

Grain supplement — 5095 equine pellets

loa i
—50% dairy COnditioner,Z 4 liters

Yellow vegetables. fruit—0.5-1 kg
Bajanced meat supplement~0.1-0.2 kg

10-25% mixed prairie or legume hay

Grain supplement — 50, 2guine gellets

—50% dairy c:cmditioner|4-6 fiters

Yellow vegetables, {ruit—1-2 kg

10-25% mixed prairie or lagume hay

equine gellets

—50% dairy conditioner}ﬁ-e liters

Tapir Grass hay iree choice
Rhinoceros Grass hay free choice
Hippopotamus Grass hay free choice
Grain supplement —50%
L, Yellow vegetables, fruit—2-3 kg
Etephant Grass hay free choice

10-252% mixed prairie or legume hay

Grain supplement — 50% equine pellets
. —50% dairy conditioner|

la-20 riters

Yellow vegetables, fruit —3-3 kg

vellow vegetables and tnat, The tapir dicet
may also he supplemented with (001 to 0.2 ky
ol a complete carnivore diet. A grass hay
(i.c.. timothy) should be available to these
animals at all times during the day. The
urain supplement and vegetables should he
fed along with hay in the evening as an
inducement to return to the stall,

Complete equine dicts have been used
successtully (Table 18-85y

Requirements

The busic nutritional and dictary re-
quircments of zebras, tapirs, rhinoceroses,
hippopotamuses and elephants approximate
those of the domestic horse, -3 136 w2

WATER: Water is consumed in relatively
laree amounts by animals presented in this
section. Water should be provided ad libi-
tum for all species kept ontside sund for all
kept inside except the elephant.

The clephant should bhe hand watered
indoors, keeping inmind the huee quantity

required. The adult elephant will drink 130
to 160 liters of wuter per day."™ There is a
40 liter loss of water in the urine; more than
20 liters are ost through vaporization from
its lunies and skin, ™o

CARBOHYDRATES: Curbohydrates and
starches provide the major source of energy
for zebras, tapirs, rhinoceroses, hippopot-
amuses, and clephants.'® Both the domes-
tic horse and the elephant require 12 to 13
culories per kg of body weight per day tor
the basic metabolic processes, '« 38w wo
This value is probably also valid for the
zebra, tapir, rhinoceros, and hippopota-
mus.

A failure to provide sufficient dietary
calories in the growing equidae, tapir, chi-
noceros, hippopotamus, and elephant will
result in insufficient weight gains and stunt-
ed skeletal growth., Working animuls, fe-
males in late pregnancy, lactating females.
and weanlings require 30 to 100 per cent
more eneruy over and above the basal meta-
bolic requirements. Hay or good pasture
alone are reportedly sutficient to provide
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TABLE 18-3 COMPOSITION OF A COMPLETE EQUINE DIET™®

EQUINE DIET—-5 MM VIA PELLET (%)
Corn cob 31.53
Yellow corn 20.00
Soycean meal (44% crude protein) 25.00
Alfaifa meal {(17% crude protein) 50
- Cane molasses 5.0
- Wheat 100
~ Soybean oil 1.0
Trace mineral sait (0.8% Zn) 0.5
Ground limestone (38%: Ca) 0.7
Mono-dical phosphate (183% Ca, 21% P} 0.8
Vitamin and Se premix® 0.25
Caicium propionate 0.20
COMPOSITION
Crude Ether Sol. Gross
Protein Extract Carbohydrate Ash Ca P Energy
16.1% 2.1% 34.1% 5.1% 0.85%% 0.45% 2.04
KCal/gm.

3300 U vitamin A, 220 U vitamin D, 44 U vitamin E. 1.1 mq riboilavin, 5.5 mg niacin. 3.3 mc pantothenic

acid. 13.2 ug B, and 0.2 ppm Se per kg of diet.

enough calories for maintenance of a non-
working adult animal. :

PROTEIN: Dietary protein requirement
levels range from 8 to 10 per cent of total
intake in the mature animal for mainte-
nance.® Thirteen to 14 per cent levels are
required by growing animals and lactating
females. The amino acid lysine is especially
important to the animals presented in this

section. A level of 0.6 to 0.7 per cent of

lvsine is required in the diet for proper
bone matrix development.™ Protein makes
up 20 per cent of fresh bone weight.

Legume hays or pellets have adequate-

levels of protein and are high in their lvsine
content. Soybean meal contains more lvsine
than most other vegetable proteins.

Poor quality protein in the diet will
result in poor hair coats in the equid and
tapir. Excess protein in the dict mnay be
responsible for abnormal rates of hoof
growth and horn growth in the rhinoceros

(Fig. 18-19).%07

LIPIDS: The serum lipids of the elephant
are found in the similar concentrations to
those of the rat and the rabbit, suggesting
similar systems of fat metabolism. Insuff-
cient levels of essential fatty acids will pro-
duce dry, scaly skin.*3 NMost grain supple-
ments  contuin sulficient levels of the
essential fatty acids.

VITAMINS:

Vitamin A. Avitaminosis A produces
skeletal fragility, fractures. and delormi-
ties 2™ Vitamin A is required for the nor-
mal growth and dev vlnpmcnt of the epi-
physeal cartilage.

Early signs of avitwminosis A may in-
clude  lacrimation, anorexia. progressive
weakness, abscess of the seblingnal clands,
atuxia, birth defeets. and persistent repro-
ductive problems, 5w

Twenty-five [U of vitamin A per kg per
day is sufficient for maintenance, but re-
quirements increase to 40 1U per ke per day
for growth and 30 U per kg per dav for
pregnancy and lactation.’

Thiamine (B,). A dictary level of 0.1
mg per 45 ke of body weight will inaintain
peak food consumption* Thiamine defici-
ency produces anorexia, weicht loss, ataxin,
hypertrophy, and dilation of the heart. Gon-
sumption of Bracken fern or Equisetum pro-
duces thiamine deficiency in the domestic
horse and probably in the exotic eqnids.®

Parenteral administration of 30 ta 100
ma ol thiamine daily will reverse the clini-
cal course in one to three davs.

Riboflavin (B.). A dictury deficieney
of riboflavin canses periodic ophthalimia, ca-
tarrhal conjunctivitis, photophobia, and le-
rimition."* A level of 0.05 mye per kg per
day will prevent and reverse clinical signs
in the domestic horse.!
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n.;inusis Efselenium is recognized as a
significant problem in both the domestic
and exotic equine. " Both nutritional
myodegeneration and steatitis have been
reported in the Grevy's and the Grant's
zebra™ 27 One study revealed a seasonal
fluctuation of liver concentrations of seleni-
um in free-ranging exotic animals from o
low of 625 uug per gm drv weight in
January to a high of 1000 ppg per gm dry
weizht in March.® There has been a great
deal of discussion about “capture mvopa-
thy” in free-ranging ungulates, especially
zebras. The clinical svudrome presented is
very similar to that of azoturia in the domes-
tic horse. One published report describes
acute muscular dvstrophy in the zebra as
“azoturia” with mvoecardial infarction. The
CPK and SGOT levels are elevated in cap-
ture myopathyv, azoturia, and the myodegen-
eration syvndrome produced by vitamin
Efselenium deficiency ®- = 114221 The acute
or subacute collapse of the ungulate follow-
ing exercise is tyvpical of all three svn-
dromes.

Clinical signs of vitamin E/selenium
deficiency are characterized by weak or
stillborn voung, voung unable to find the
udder. weak pasterns in the front and rear
limbs (Fig. 18-20). ataxia, sudden collapse
following exercise. dvspnea, icterus, ane-
mia. and rapid, weak pulse® The normal
CPK level for equines is 20 sigma units;
increased levels of 400 per cent or more
tave been reported in zebras with muscular
dvstrophy following exercise.
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Figure 18-20 Onager foal showing limb and
pastern weakness typical of selenium deficiency.
{Courtesy ot E. Maschgan. Chicago. Illinois.)
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Gross pathalogy  of byvpovituninosis
Efseleninm inclades pale <keletal and car-
diac muscles. especially the wductor mus-
cles. Pale linear areas may be observed
throuzhont the heart, the liver is enlarged,
aned there are hemorrhaces - the adrenal
cortex, subeutincous and intramuscalar
cdemi and cardiae ventrienlar septal
defoects.™

Microscopie  lesions  of  vitamin
E/scleninm deficiency are chieracterized by
hvaline and aranular degencration of the
skeletal and cardiac fibers.™ There is coae-
ulation and fracmentation of the sarcoplas-
ma. Mineralization ot dy <trophic fibers,
muscle fibers separated by cdema, forma-
tion of “retracton caps.” and interstitial
fibroplasia have been reported in zebras
and domestic horses (Fig, 1S=2]) =0

The administration oi one liter of nor-
mal saline with 1000.mEq. oi ~odimm bicur-
bonate has been reported to he useful in
alleviating the acute clinical signs of cap-
ture myvopathvin a limited number of zebras
following long chases ™ ™ The parenteral
administration of vitamin E <elenium tur-
ing the acute phase ot the svndrome: e.a,
azoturia,  capture mvopath. . nutritional
muscular dystrophy, has produced variable
resulls, Dietary levels of 44 [U of vitumin E
and 0.2 ppm selenium per ke of diet appear
to mecet the needs’?

MINERALS: The mineral requirements
per kg of feed tor the zebra, exotic equine,
tapir. rhinoceros. hippopotamus, and ele-
phant appear to be cqual to those for the
domestic horse.

Cualcium and Phosphorus.  Because of
the farge size of the animals presented in
this section. the importance o dictary calci-
um and phosphorus thronshout lile cannot
be overemphasized 4527

Nutritional  sccondary hyperparathy -
roidism (NSH) occurs frequentlyv in voung
elephants and zebras raised on . high phos-
phorus. low caleinm dict.

Clinical signs of cadeinm deficiencs in
voung, growing zebras. tapirs. rhinoceroses,
and clephants are characterized by pica.
lameness. pathological fractures. limb and
facial defornmties. and reluctance to move
(Fig. 18-22). Free-ranging elephants will
cat the limestone brought into calcium defi-
cient arcas for road heds. Radiographic ex-
amivation of caleinm deficienesy or nutri-
tional secondary  hyperparatiroidisin s

volpwadp Lo

R

¥

(1‘

e

A

33 A g Ay YA AW -

Loadine

9

{44 g g

et

.t
Ny,

e
i" A'w )

A

e g

pRH
—
e

R A N

f"

4
)

WP,

2

et Wi

’
-

A
&

[
& TR




Figure 18-21 A, Longitudinal sec-
tion of skeietal muscle with extensive
hyaline and granular degeneration of
muscle fiber. (x 100). 8, Section of skei-
etal muscle with marked mineratization
of dystrophic fibers. Note deposition
of mineral along cross striations.

characterized by the “lipping” of an epiphy-
ses of relatively noral width (Fig, 18-23),
folding fractures, and fibrous osteadys-
trophy. The normal alkaline phosphatase
activity for an Asian eleplumt is 4 to 15 KA
units per ml; an elevation over 20 KA units
per ml is significant (Fig. 18-2:4).

The dictary Cuw:P ratio for all of the
animals in this group should he 1:1. The
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NSH syndrome may be reversed by correc-
tion of the ratio to 1.4:1 until clinical re-
covery occurs, then returning it to 1:1. Asa
rule of thuimb, 3.3 mg each of dietary calci-
um and phosphorus should be provided
daily for each 100 kg ol body weight.®
Copper. Deficiency of copper in the
domestic equine and zebra, and probably in
the other species presented in this group.

- SR IR S T

Figure 18-22 Deformity of lag in
elephant with calcium deficiency.
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Figure 18-23 Anteropostenior and lateral radiograph of right tibiotarsometatarsal area of an etechant with a
ceformity produced by calcium deficiency. (From Siegel. | M. JAV.M A 163:544-545. 1973))

produces anemia, achromotrichia, spinal
cord demvelination, mvocardial fibrosis,
and ricketts-like bone disorders.™ Exces-
sive dietarv molvhdenum causes a relative
copper deficiency.

The equine dietary requirement for
copper is 5 to 10 ppm per day.t- > ™

Iron. Iron is required in the domestic
equine at the rate of 40 ppm.*? Most high
forage diets contain sufficient iron.

Manganese. This is required for syn-
thesis of chondroitin sulfate. an important
constituent ol cartilace and bone matrix.
Deficiencies of manganese produce short-
ened, bowed limbs with enlarged joints and
congenitally contracted tendons. Most high
forage diets contain sutficient manganese.

Zinc. Zinc deficiency in the equidae
produces poor growth, parakeratosis, and a
lowered alkaline phosphatase. Growing
horses fed 0.54 per cent zine develop ane-
mia, swelling ol the epiphvses of the long
bones. stiflness, and lameness; 40 ppm in
the feed appears to meet the needs of the
equine and probably the other animals in
the group.®™

Selenium. This is an important trace
mineral that is required for the health of

skeletal muscle. cardiace muscle. liver, and
fat. It is discussed with vitamin E. Excesses
of selenium (5 to 40 ppm) in the dict cause
loss of mane and Ll hair and a nng of
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Figure 18-24 Thyroid gland and hycerirophied
parathyroid gland (arrows) from a tarpan horse with
nutritional secondary hyperparathvroidism
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disturbed growth on the hoof below the
coronary band. In severe cases, the hoof
may slouch oft. Dictary levels of 0.2 ppm
per ke of diet appear to be adequate ™ '™

lodine. lodine deficieney results in
abunormal growth rates. soiter, abortion. and
brittle ~keletal matrix. The requirement
may be considered to be about 0.2 mg per
dav. Weekly oral doses of 1T gm of potassium
iodide mav be useful in 1odine deficient
areus.

Salt.  Sixty to 85 gm per day or 0.5 per
cent of the diet is required for the domestic
horse and probably all animals in this sec-
tion.

BEHAVIOR AND TRAINING

Most of the equids. tapirs, rhinoceroses,
elephants and hippopotimuses are social
animals. living in vroups. The black rhino-
ceros. the pyamy hippopotamus. and the
older bull elephants are exceptions that
normally live singlv. o captivity, these
animals should be kept in groups except
the black rhinoceros and the pygmy hippo-
potamus. which are normally housed singly
and are put together only for breeding. In
captivity  the zebra, exotic equid, tapir,
thinoceros,  and  elepnant can become
victims of o low quality enviromment with
no occupationad therapy. Stercotyvped be-
havior such as pacing, walking figure eivhts
or circles. swaving, rocking in place.
coprophagia,  “cribbing” (Fig.  18-25),
anorexia nervosi, and  self-mutilation

PP, A AT RIE T STRET B X 6 e aan .
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(rubbing off of tusk or hom) (Fig. 18-26)'"
are all signs of behavioral disease.

The availability of grass hay ad libitum
during the dav, and especially while con-
fined at night, will provide sutficient occu-
pational therapy for most ungulates. Public
feeding of zoo and circus eiephants has
been a pastime for hundreds of vears, pro-
viding enrichment for both elephant and
guest.

The placement of large “tovs” in the
form of edible reed baskets, pools. logs, and
boulders (Fig. 18-27) will add quality to the
outdoor enclosures. The “tovs™ provide in-
termittent outlets for occupational urges
and social interactions.

Training sessions are useful. especially
tor the elephant. in providing routine occu-
pational therapy. .

Zebras taised on modemn diets have
been successfullv trained to carry aman ina
saddle and to work in a tandem hitch to pull
awagon (e.r., R. B. Rice Sausage Co.. Lee's
Summit. Missouri).

The Asian elephant has a long history of
being trained to work for man either as a
heast of burden or a performing animal. The
African elephant has been trained less
oiten: however, if they arc procnred at a
vonng enonch ace. they will perform as
well as the Asian elephant.

The training of the elephant is casiest
on both elephant and trainers when it is
begun at un carly agze. The most basic con-
trol of an elephant is the animal’s respect for
the hinman. When a single clephant is being
trained. the animal should be tethered at

Figure 18-25 Cribbing ~ bar-
ner between terntory of onager jack
and that of clesely approximated
male oryx antelope. Behavior de-
picted s redirected aggression.
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3 Figure 18-26 A, Groove worn in posterior aspect of anterior horn (arrow) 1n a white rhinoceros. This self-
mutilation was produced by constant rubbing of the horn on a cable ience. 8. Posterior horn mutilation caused
- by rubbing on concrete.
i
a night by a front foot. If several elephants are  or three times per day inside the stall with
in a picket line. they should be tethered by the elephant chained. The grain and truit
3 the front and rear feet. supplement should be fed inside in the
Steel tether chains should be 3.3 to  evening to ensure that the elephant will
m 40 meters long and attached to floor mount-  come in at night.
| ed rings or picket chains. The chain used Once the elephant willinglyv accepts -
to encircle the elephant’s leg should first  night chaining, the remainder of the train- "
- e passed through a rubber or canvas hose  ing muyv begin, The clephant is then in- ot
‘ to protect the animal’s skin. The chain  troduced to the elephant hook. or “bull” o<
should have a swivel in its middle to pre-  hook. The bull hook may be used to push or oo
) vent twisting and should be secured around  pull the clephant sufficiently to physically _¥
o the elephant’s leg with a lock. reinforee the voice commuand and should be i3
Permunent water containers should  applicd to the rowdy elephant by the trainer 3
never be placed in the night stall. The  as a father would use a hickory switch on o 13
truner or keeper shouid provide water two  disobedient cinid. Care mnst be taken to BT
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avoid sharpening the hook or spike portion
of the bull hook too much and also to avoid
poking the elephant in the eve.

Easv-behaviors include “come up” (for-
ward), back up, steady (stop), lifting the
feet, trunk up, head down, and climbing
onto tubis. All of these behaviors involve
simple tugging or pushing at appropriate
pressure points {Fig. 18-28A-D).

The more ditfficult behaviors, such as
tuby sitting, hind leyg stands, and lie down,
require the nse ol additional chains and a
block and tackle (Fig. 18-29Aand B). “Rak-

ine” an elephant, which is the munnal re-

Bull hook

moval of feces from the rectum, is per-
formed by trainers to prevent defecation
during performances (Fig. 18-30). A trainc,s%
elephant is valuable and safe; a “spoiled
elephant is dangerous und usually winds up
being given euthanasia after it injures or
kills a handler.

MEDICINE

Medical procedures and principles 9(
the domestic horse are applied to the exotic
equines, tapirs, rhinoceroses, elephants,

Figure 18-28 A, Locations of the sensory points on a domesticated Asian elephant. 8, Simple foot lift; lift

foot up and forward.

fllustration continued on opposite page

"Ly
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Figure 18-28 Continued C, Simple “back up’'; apply steady. {irm pressure. D, "Come forward™": apply steagy
P null. (From Deranygala. in Sykes Natural History of the African Elephant.)

_and hippopotamuses. The pharmacological
m principles are the same, and the drug dos-
wes used parallel those used for the domes-
tc horse, on a by-weight basis.' Drugs are
.dministered topicully by the use of a water

™ -un or spray bottle. Intramuscular drugs are
idministered via the dart =un (Appendix
), pole syringe (Appendix 00), or hand
= vringe. Oral medications are mixed in the
egetables or mixed with molasses before

- eing put in the grain.

-4
-
NFECTIOUS DISEASES

- The zebra, exotic equine, tapir, rhinoc-
ros, hippopotumus, and elephant are sus-

I

Bull hook

~Sw

ceptible to many of the infectious and conta-
gions diseases of the domestie horse.

STREPTOCOCCOSIS :B-hemolytic Strep-
fococcus spp.): This has occurred in zebra
foals and tapirs.'®* The svndrome is charac-
terized by submandibular abscesses, puru-
lent arthritis, navel tl, and septicemia (Fie.
18-31 and 18-32).1%#

Clinical signs of streptococcosis in-
clude depression, hot, enlareed joints, an-
orexia, draining submandibular abscesses.
navel ill. and death. The exndate is ll.\llil“_\
a creamy grayv color,

Diagnosis of streptococeasis reqguires
finding the orcanism in stained smears ot
the exudate or cultare of the grun-positive
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Figure 18-30
feces from an elephant prior to a performance to
prevent bowel discharge during performance. (Cour-
tesy of Floyd Smith. St. Louis Zoological Gardens, St
Louis. Missourt.)

“Raking. ' or manually removing
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Figure 18-29 A and 8. Block and tackle rigging for “taying down' ' an elephant.

cocei. Blood agar is required; growth of
streptococcus will occur in 24 hours when
incubated at 37°C.

Treatment of streptococcosis should in- ~

clude the parenteral administration of peni-
cillin or other effective antibiotics.

ANTHRAX (Bacillus anthracis):  Anthrax
has been reported in the zebra, Asian cle-
phant. African elephant, and hippopota-
mmus.*! The etiologic agent, a large gram-
positive bacteria, ranges in size from 3to Sp
in length by 1.0 to 1.25 g in width.*" Anthrax
is transmitted by predators, scavengers, and
airthborne dust.

Clinical signs of anthrax include per-
acute to acute onset, septicemia, and rapid
death. In the subacute form. lumeness, atax-
i, and bloody discharge from the nostrils
and anus precede death. In the chronic
form. Asian clephants have shown cervieal
swelling very similar to that reported in
swine. !

Diagnosis of anthrax may be made by
finding the large gram-positive bacilli in
blood smears made from peripheral blood.
Care must be tuken while collection of the
sample is being made, as other animals and
man are very susceptible to the discuse.
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Figure 18-31 Two-month-old river hippopota-
mus with an abscess on its shoulder.

Postmortem lesions of anthrax include a
generalized rapid decomposition. subcuta-
neous edema, blood oozing from natural
hodv openings, failure of blood to clot. he-
patic congestion, and splenomegaly.

Treatment of anthrax should include
the parenteral administration of penicillin,
Avirulent spore vaccines are available from
the Republic of South Africa.

MANDIBULAR ABSCESSES (Coryne-
bacterium pyogenes): These have oc-
curted with ygreat frequency in hoth the
South American and the Malayan tapir.?

The clinical signs of coryvnebacterial
mandibular abscesses parallel those of
streptococcosis.

Diagnosis of corvnebacterial infection
may be suggested by the appearance of the
aravish-yvellow puruient exudate but can
be confirmed onlv by culturing the gram-
positive bacilli from the exudate. The or-
ganisms grow somewhat slower on blood
agar than do Streptococcus spp.. appearing
within 24 to 48 hours. The ivorv-white colo-
nies do not exhibit hemolvsis.

Treatment of Corynebacteritim mandibh-
ular abscesses should include the paren-
teral administration of penicillin or other
sensitive antibioties and local therapy to
establish drainage. Flushing with saline or
Betadine, then instilling sulfonamides will
produce dramatic results.

SALMONELLOSIS (Salmonella london,
Sabmanella spp.): This discase has been
reported in the Asian clephant, thinoceros,
and tapiy e

Clinical signs of salmonellosis parallel
those in the domestic speciest sastrocenteri-
tis. loss of body weight. enophthahnia. an-
orexia, and dehvdration.

Diagnosts  of salmoncllosis mayv he
made by fecal culture or serological inves-
tigation. Sulmonella bactlli are  griun-
negative nonlactose termentors that can be
grown on 5. S, agar incubated at 37°C.

Treatment of salmonellosis is difficult
at best. Debvdration and electrolvte imbal-
ance should be corrected while antibio-
tic therapy is being conducted. Sulfona-
mides, tetraevelines., and chloramphenicol
mayv be considered in dosages calenbated at
the stundard levels recommended for the
equine.

PASTEURELLOSIS (Pasteurella multoci-
du, P. pseudotubercilosisy: Pasteurellosis
has been reported in the elephant and has
been cultured by the author from the zebra
and  tapir a8 Pagteurella organisms
have o worldwide distribution and are
usually passed throuah food contaminated
by infected mice. .

Clinical signs of pasteurcllosis in the
zebra, tapir, and elephant include hemor-
rhagic septicemia. pleuropneumonia, dysp-
nea. astroenteritis, and depression.
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Figure 18-32 Malayan taprr with a lanced ab-
scess on its leg.
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Diagnosis is usually made by correlat-
ing the history and the clinteal picture. and
by identifving the speciflic causative orgun-
ism. The gram-negative coccobacilli range
from 0.3 to 1.25 w in length and will grow on
most nutrient agars when incubazed at
37°C.

Postinorten lesions of pasteurellosis in-
chude splenomegaly, hepatic congestion,
hemorrhage of lvmph nodes. and petechial
hemorrhages on tunes, epicardinm, kid-
nevs. and adrenals. Upper respiratory infec-
tions including tracheitis and red hepatiza-
tion of the lungs are common Aundings.
Pseudotuberculosis is characterized by mil-
iary abscesses seattered thronghont the tis-
sues. including the spleen. liver, and Iymph
nodes.

Treatment of pasteurellosis should in-
cliude the use of tetracvelines and sulfon-
amides. Commercial bhacterins are available
when a chronic problem accurs.

BIG HEAD (Clostridiem sordelli): This
has been veported inan aduldt black rhinoce-
eros." Bie head is characteristically an in-
fections disease of voune rams caused by
the laree anaerobic grim-positive bacilli C.
sordelli. C.novyi or C. chanvoei. The inlece-
tive organisms enter the broken skin follow-
e tranms The tranmatized subcutaneons
tissues are ideal for clostridial growth,

The charactervistic clinical sign of big
head is edematous swelling of the head,
neck. or shoulders. Ataxia and anorexia are
commonly observed.

Diagnosis may be made from the clini-
cal appearance of the animal in conjunction

T~
o ;3
)

with « history of peracute onset and of
fighting or self-injury prior to intection.
The characteristic postmortem lesions
are clear edematous swellings without the
presence of gas or hemorrhage.
Treatment of big head should include
large parenteral doses of penicillin.

TETANUS (Clostridium tetani): Tetanus
has been reported twice in Asiatic ele-
phants and should be considered in the
differential diagnosis of nervous system and
musculoskeletal disorders of zebra and
other exotic equids.™ % As with the domes-
tic species. the signs of tetanus are caused
by the exotoxin produced by the lurge gram-
positive bacillus, C. tetani. The orzanism
does not grow in healthy tissue, usually
finding a deep puncture wound witk a low
oxyveen tension as a growth site.

The characteristic clinical signs of tet-
anus in the elephant are nervous system and
musculoskeletal abnormalities. A sttt gait,
muscle rigidity. ditficulty in prehension and
swallowing, and increased sensitivity to
loud or physical stimuli are common find-

Cings. Anorexia. adipsia, lameness (site of

puncture wound), reluctance to open the
month, pressing of the head against a wall.
enophthalimos, and phvsical collupse were
the terminal sequences of reported events.

The diagnosis of tetanus in the ele-
phant is made on the basis of the charac-
teristic clinical signs.

Postmortem lesions of tetanus are limit-
ed to the original puncture wound (Fig.
18-33) and dehvdration.

Treatment and prophvlaxis of tetanus in

Figure 18-~33 Nail in the
foot of an Asiatic elephant that
died of tetanus. {Courtesy of
Thomas Burke. University of
lllinois. Urbana. litinois.)
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Figure 18-34 Pertorming an intradermal tuber-
culin test in the tail fold of an elephant. (Courtesy of
M. Fowler. University of Califorma, Davis, California.)

?v»

the exotic equine and the elephant paraliel
those used for the domestic horse.™ Tetanus
antitoxin (TAT) should be administered at
the rate of 200,000 to 250,000 units every six
hours, or as needed; in addition. 30 million
units of procaine penicillin should be ad-
ministered IM every six hours. The original
wound should be identified, the foreign
object removed, and drainage established.
One of the two reported elephants died: it

Figure 18-35 Using a bron-
choscope on an Asiatic elephant to
examine the trachea and bronchi
for tuberculous lesians and to ob-
13in tracheal washings.

received only 30,000 units of TAT. Re-
establishment of vaod hvdiation and clec-
trolvte balance alons with sood nursing
care will hasten recovery.

TUBERCULOSIS (Mycobacterium hovis.
M. tuberculosis): This has bheen reported
in the Sonth American tapir, Malwvan tapir.
woollv tapir. black rhinoceros. Asiatie cle-
plhantoand Afvican clephang oo s s me

Clinmical signs of tuberculosis in the
zebra, tapir, and pachydermys include lame-
ness. depression. emaciation. dvspnea, and
coughing.

Diignosis of tuberculosis in the zebra.
tapir. and pachvderm requires the use of an
intradermal tuberculin test. The site of
choice is the caudal sKkin fold (Fie 18-31).
The test is performed in the standard man-
ner, by injecting 0.1 ml of tuberculin (Jen-
sen-Salsberg  Laboratory)  intradermally.
The test site should he visually and physi-
cally examined at 21, 18. and 72 hours post
injection. Further diagnostic tests include
those of tracheal and gastric washines (Fig.
18-33).

Postmortem lesions of tuberculosis in
the tapir, rhinoceros, and clephant have
been characterized by abscesses or gran-
ulomas in the pelvie cavity, lungs (Fic.
18=36), Ivmph nodes. and spleen.

Microscopic lesions  of tuberculosis
were characterized by the typical tubercle
formation: however, no giant cells were
recorded in the tissues of the African ele-
phant.
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Treatment of tuberculosis has not been
reparted in the zebra, tapiv, rhinoceros. hip-
popotamus, or elephant. Tuberculosis is a
reportable discase: euthanasia should be
recommended. I treatment is deemed nec-
essary because of the rarity of the animal,
isontazid should be considered.

FOOT AND MOUTII DISEASE: This
discase has been reported in the South
American tapir, Malavan tapiv, and Asian
elephant.™ The foot and mouth virus is a
picornavirus that is resistant to environmen-
tal changes for one vear. Transmission
oceurs by ingestion of contaminated feed.
The virus is shed in all excretions of sick
ammials. including urine. feces, saliva. milk.
and semen. The virus of this discase is shed
before the animal becomes clinically ill.
and saliva can be infective for up to six
maonths tfollowing clinical recovery.

Clinical signs ot foot and mouth disease
include elevated rectal temperature, de-
pression, anorexia, acute painful stonatitis,
excessive salivation, ulcerations, and vesi-
cle formation on the buceal mucosa. hard
palate. and tongue. The vesicles rupture 24
hours after they appear. leaving raw, painfuli
ulcers. Vesicles appear on the feet, in the
arca of the coronary band, two to three davs
later in survivors. Full elinical recovery may
take as long as six months.

Diagnosis of toot and mouth disease
may be made from the typical elineal ap-

figure 18-36 Lung of a
black rhinoceros with tubercu-
losis. Cavitation and tubercles
characterize infection with ¥
tuberculosis. (From Powers. R.D..
and Price, RA.. JAV.MA 151
890-892, 1967.)

pearance of the affected animal. Confirma-
tion of the diagnosis requires employment
of the complement fixation test or the in-
tradermal injection of oral vesicle fluid into
the foot pad of a guinea pig. Vesiculation
will occur in one to seven davs in positive
cases: secondary oral vesicles appear one to
two davs later.

Pustmortem lesions of foot and mouth
disease parallel those seen during the clini-
cal course of the disease.

Microscopic lesions are characterized
by ballooning of the cells of the epithelial
stratum spinosum, which slough, the nuclet
become pyknotic, and the cytoplasm be-
comes eosinophilic. Edema and neutrophil-
ic infiltration follow and are accompanied
bv liquefaction necrosis, resulting in the
tormation of vesicles.

Treatment for foot und mouth disease
has not been reported. [t is a reportable
discase of great importance to the domestic
livestock industry.

RINDERPEST: Rinderpest has been re-
ported in the zebra. hippopotamus. and
Asian elephant.'™ The etiologic agent is 1
myxovirus related to human measles and to
the canine distemper virus. Rinderpest is
primarily a disease of ungulates, especially
the artiodactyla (cloven-hoofed species).
Transmission occurs through airborne con-
tamination of feed or direct contact with
infected animals or carcasses. Clinically
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ngrmal animals shed virus in the early
stages of rinderpest. The incubation period
can be from three to 13 days.

The characteristic clinical sign of rin-
derpest is a sudden onset of elevated rectal
temperature that lasts for two to three
davs.'™ Behavior alters from shyness to ag-
gressiveness, and a profuse ocular discharge
commonly occurs. Three to four days later,
shallow erosions and ulcers appear on the
mucosa of the vagina and oral cavity, and
there is profuse salivation. Diarrhea appears
one to two davs after the appearance ot the
oral and vaginal lesions. Emaciation and
precipitous dehydration occur in chronic
areas.

Diagnosis of rinderpest can be made
following observation of characteristic clini-
cal signs and by postmortem findings. A
leukopenia occurs initially but is quickly
followed by a marked leukocytosis.'* He-
moconcentration parallels the dehydration
observed clinically. Serology must be used
to confirm the diagnosis. Rinderpest is a
reportable disease in most countries.

Postmortem lesions of rinderpest paral-
lel the lesions seen during the clinical
course of the disease. .

Treatment is usually not attempted.
Survivors have life-long immunity. Atten-
unted virus vaccines are available in Evrope
and Africa.

ENCEPHALITIDES: The equine enceph-
alitides have not heen reported as clinical
discases in the zebr, exotic equine, tapir,
or pachyderm; however, routine vaccina-
tion for equine encephalitis with com-
mercial vaccine is practiced in many zoos
and private collections.”

Encephalomyocarditis virus has been
isolated from four African clephants™
Clinical signs were limited to anorexia, list-
lessness, and moderate dvspnea followed
by death in 24 hours. Postmortem lesions
included epicardial hemorrhages and se-
vere myocarditis. Diagnosis was made by
inoculating tissue suspensions from the ele-
phants into three to four week old mice and
into cell cultures.

Encephalitis and myocarditis devel-
oped in the mice, and the cell cultures were
destroved in 24 to 72 hours. Intracytoplas-
mic viral inclusions were observed. The
viral agent was neutrulized by known anti-
serum to encephalomyocarditis virns.** No
treatment is known.
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PARASITIC DISEASES

Tn veneral, the parasites encountered in
zebras, exotic equines, tapirs, and pachy-
derms are quite similar to those found in
domestic equines. The identification and
treatment methods are also similar to those
used [or domestic equines.

Internal Parasites

Babesiosis  (synonvim,  piroplasmosis,
Babesia spp.) has been reported in the
zebra, rhinoceros, and African elephant: Ba-
besia spp. in the black rhinoceros, white
rhinoceros, and clephant: B, equi in the
Grant’s zebra and Crevy's zebpa o 1. tis.
The infection is characterized by a hemalvt-
ic anemia. Experimental trunsmission trom
zehras to horses has been successful,

The characteristic clinical signs of ba-
besiosis in the zebra and pachyderms are
hemolvtic anemia, icteras, hemoclohinuria,
diarrhea, tachveardia, and dyspnea brought
on by minor exertion - 125 13

Diagnaosis mav be made by finding the
tvpical paired bodies in the ervthrocytes on
i stained blood smear or by menns of a CF
test.

Postmortem fesions of bhabesiosis in-
clude hemolvtie anemia, enlarged liver,
splenomeaaly, tcterus, and hemoglohine.
i

Treatment should include a blood trans-
Pusion and quinmomum suitate (Acaprin)
administered intramuscularly or subeutane-
ously at a rate of 1 ml of a3 per cent soln-
tion per 50 kg of hody weighg e

Trypanosomiasis has been reported in

Sthe Asian elephant, the African elephant,

and the bluck rhinoceros: Trypanosoma
cransi in the Asian clephant and Trypano-
soma spp. in the African elephant; T brueeri
and 7. rivax in the black rhinoceros, . o
o425 Creat slaughter campaigns have heen
arried out acainst the elephant. hippopota-
mus, and rhinoceros in early attempts to rid
Africa of sleepiog sickness by reducing the
numbers of reservoir hosts. Field workers
conld not easity diiferentiate between 7T
cvansi and T. gambiense and T, rhodiesi-
ense Trepanosomiasis is transmitted by
tabanid Hies and tsetse flies.

The dlinical signs of trypanosomiasis
include acute clinical onset, anemia. subeu-
tuncous ancemia and emaciation, Chronic
and carrier states oceur,
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