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Preface

When I started my career working with wild and
captive nondomestic animals in 1980, my only
experience raising any sort of mammal was at the
University of California at Davis while T was in vet-
erinary school. There I helped to raise a litter of
pigs. a couple of goats, and a calf.

I owe my first real “exotic animal” hand-rearing
experience to Dr. Marty Dinnes, my first employer
after I completed an internship in equine surgery al
Washington State University. One afternoon while
working at Marty’s request on the set of the welevi-
sion show “Those Amazing Animals,” 1 met Mary
Fleming, the head veterinary technician from
Marine World Africa USA. She had brought a baby
baboon down for the show. At the end of the day,
Marty arrived on the set. Mary had a plane 1o catch
and was getting ready to go back to northern
California. Marty announced that I {and not Mary)
would be taking the infant baboon home with me.
This came as a complete surprise, and I frantically
took notes as Mary gave mie instructions about feed-
ings and offered husbandry tips including how 1o
cut a hole in the disposable diapers to pull the tail
through. And then she was gone. T still thought
Marty was kidding—that he was really going to
take the infant primate to his home. But it quickly
became apparent that he meant for me to take the
baby baboon. So I tucked little Jojo into his airline
carrier, crammed it into the front seat of my Honda
Prelude, and headed for my tiny trailer in Thousand
Ouaks.

And so my experience hand raising exotic ani-
mals had begun. [ felt fortunate that Jojo thrived in
spite of my lack of experience. He lived with me for
a couple of months and then went on to a new home.
I moved to the San Francisco Bay area to start my
new position as Marine World Africa USA's first
resident veterinarian.

xiii

I felt great excitement my first day on the job at
Marine World as I approached the animal nursery,
where | again met Mary who was now raising two
black leopard cubs. What ¢ould be cuter than leop-
ard cubs? Mary had allowed the cubs to run loose on
the floor while she was cleaning their exhibit win-
dow. As [ entered the nursery, one of the cubs, aptly
named “Damien.” bounded over to me and embed-
ded his canine tooth into my kneecap. My apprecia-
tion of cute wild neonates grew from that point
forward.

Over the years [ helped Mary raise dozens of
species of infants, It seemed we had occasion to
hand rear infants representing almost every order of
mammals. We raised hoofed stock. such as nilgai,
blackbuck, eland, and a rhinaceros—not to mention
countless sheep and goats. We even helped an infant
giraffe to survive his first week of life until his
mother finally took over. We had a blind female
came] whose calves we hand reared each year. |
vhserved and, many times. helped Mary and the vet-
erinary technicians raise dozens of tiger cubs, lions,
cheetahs, leopards, cougars, servals, and bobcats.
We raised kit foxes, river otters, wallabies, opos-
sums, squirrels, a stoth, a koala, a zebra, a bintur-
ong, and even a hyena. And I thought leopards bit
hard.

Mary had a special love for primates. and she and
the Marine World team raised five chimpanzees,
two orangutans, and a gibbon. For years we had an
infant primate of one species or another running
around our veterinary clinic,

My first “solo™ experience as “Mom™ after Jojo
happened a couple of years after | assumed the clin-
ical veterinary position at the then California
Marine Mammal Center in early 1981. I did this job
while also maintaining my veterinary position at
Marine World. A very ill northern fur seal had
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stranded with her tiny newborn pup. The mother
died a few days after arriving at cur center. The pup,
who weighed barely 3 kg (7 1b), seemed healthy and
very hungry. There were few volunteers back then,
and no designated night crews, so I took the pup
home with me. For lack of a better idea, I fed her
our elephant seal formula, which was made with
ground fish, whipping cream, and a number of other
ingredients. I spent three days and nights encourag-
ing the tiny pup to accept the bottle. Finally she fig-
ured it out, and began 1o thrive. [ was flattered that
she considered me to be Mo, and she vocalized in
a special way whenever she saw me. I named her
Mishka, and took her with me to work at Marine
World each day where she had her own pool. At
night she came home to my converted barn, which
was located on an estate in Woodside,

Besides Mishka, I've had the opportunity to gain
experience raising sea lions, harbor seals, elephant
seals, walruses, a harbor porpoise, a Dall's porpoise,
and two infant beaked whales. While the pinnipeds
did very well, none of the infant cetaceans lived
over a month. However, the experiences and chal-
lenges working with them were memorable,

While there are dozens of chapters about hand
rearing many species of neonates in & variety of
texts, there was no one single text that held practical
information about how to hand rear the more com-
mon domestic, wildlife, and zoo species. The AZA

Infant Dier Care Manual is an excellent resource,
but does not cover hand rearing domestic mammals
ot some of the more common wildlife species. Also,
it is not readily available to those outside of the zoo
profession.

Two years ago, at the American Association of
Zoo Veterinarians annual conference, [ bounced
around an idea about compiling a practical book on
hand rearing mammals. My colleagues not only
embraced the idea, but also contributed their exper-
tise to my project. This book could not have been
done without the contributions of many. The chap-
ter authors have contributed wonderful insights on
how to rear the many species covered here, and the
staff and volunteers of numerous wildlife centers,
zoos, marine maminal rehabilitation centers, and
wild animal parks have enriched the body of knowl-
edge contained on these pages.

Hand rearing mammals is probably more art than
it is science. There is no “right way" to successful-
ly raise any of the species represented in this text. In
some cases, only one method of raising a species
may be mentioned, even though many methods have
proven to be successful by many different individu-
als. Each of the authors of this book has had exten-
sive experience raising the species represented in
his or her chapter. They have given their best tips on
the science and also, more important, the art of hand
rearing mammals.
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Introduction

Hand-Rearing Wild and Domestic Mammals is
designed to help veterinary practitioners, techni-
cians, wildlife rehabilitators, and zoo personnel to
raise healthy mfant mammals. It 1s a practical guide
with resources and information to help the reader
achieve success with each hand-rearing project.
This book is organized into two parts: Domestic
Mammals, and Wildlife, Zoo, and Marine
Mammals. The species represented here are, for the
most part, commonly encountered species presented
for hand rearing to wildlife centers, zoo hospitals,
and veterinary practices. The eminently qualified
contributors were encouraged to include helpful tips
and resonrce information along with their advice on
choices of formulas and equipment. In most of the
chapters, tried and true “made-from-scratch”

xvii

recipes are included in addition to the commercial
diet recommendations.

There are many ways to hand rear mammals, and
certdinly we cannot present all of them here. While
each chapter of this book is designed to stand alone,
it may be worthwhile for the reader 1o explore other
chapters written about similar species to gain differ-
ent points of view. For instance, a reader seeking
advice on how to best hand raise a zebra foal may
consider looking at both Chapter 29 on hand rearing
nondomestic equids and Chapter 4 on critically ill
and orphaned foals.

It is the hope of the authors of this book that the
mformation presented here will help all readers to
achieve optimal success in hand raising wild and
domestic mammals that are placed in their care.
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Orphan Rabbits

Karen Heller Taylor

NATURAL HISTORY

This chapter discusses both domestic and wild
orphan rabbits and hares. The term “rabbit™ will sig-
nify either a rabbit (wild or domestic) or a hare.
Specific differences will be noted.

The family Leporidae includes three major gen-
era: Lepus (hares), Syfvilagus (e.g., cottontail}, and
Oryctolagus (e.g.. domestic or European). Because
they are prey animals, members of these genera tend
to be more active at night {nocturnal} or at dawn and
dusk (crepuscular). Females (does) are generally
larger than the males (bucks). Offspring in the nest
are called pups or bunnies. The act of giving birth is
called kindling.

Offspring of the genus Lepus (hares) are born
with fur and eyes open. Depending on the species,
the hare breeds either year-round or biannually
(spring and fall). The average birth weight is 110
grams, Weaning occurs at one week.,

The eastemn cottontail (Syfvilagus floridanus) is
the most numerous species of this genus in North
America. The cottontail breeds February to
September. The young are born naked with average
birth weight of 3040 grams and eyes closed but
open by seven to ten days. Weaning occurs at three
to four weeks.

The genus Oryctolagus is more similar to
Sylvitagus and reproduces year-round. The average
birth weight depends on the breed but ranges
between 30 and 80 grams. The young ar¢ bom
naked and eyes are closed. Eyes open at about ten
days of age. Weaning occurs at four to six weeks.

RECORD KEEPING

To the person who raises a single animal, paperwork
appears trivial, but 1o the rehabber or the veterinary
practice that sees many orphans during a concen-

trated period, good records are vital to success. The
most imporiant aspect of record Keeping is the
tracking of body weight in preweanlings o deter-
mine gain or less. Other information includes

Date of entry: Including information on the animal
presenter (in case of zoonotic disease exposure
and also helpful for release purposes)

Source: Physical location for wild animal or dam
of domestic bunny

Age determination

Physical exam findings: On entry, including
injuries, hydration status, and rectal temperature

Treatments: Fluids. antibiotics. other

Formula consumprion

Urine and fecal production: At each feeding
including fecal character (color and consistency)

EQUIPMENT

Equipment should be easily cleaned and disinfect-
ed. Low cost is also desirable for nonprofit facili-
ties. The following items will be useful:

Rubber gloves: To prevent transmission of zoonotic
disease and other diseases between different age
and species groups

Gram scale (postal scale): To weigh the animal
daily until weaned, then twice weekly until
released. Use a lightweight box with 4 cover, a
pillowcase, or 4 sock Lo contain high-spirited
animals on the scale.

Enclosures: Need o be secure, A plastic or glass
aquarium for animals less then one week old lined
with newspaper and pine or aspen wood shavings
is ideal. Because these animals are prey animals
and nocturnal in activity, provide a burrow to
reduce stress. Cardboard boxes with a cutout entry
hole may be used but must be discarded when
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soiled or between new animals. Plastic igloo-type
burrows are available from many pet supply hous-
es, which can be disinfected weekly or between
animals, After 7 10 14 days, depending on species,
the anima! should be transferred to a wire cage to
facilitate good air circulation and hygiene by
allowing urine and feces 1o fall out the bottom.
The wire openings should not be larger than 1 cm.
Part of the surface area may be covered with straw
and a burrow 1o provide a resting area. In the wild,
a burrow is a small depression in the earth covered
with dried vegetation or a nest within underlying
brush, A burrow can be constructed from a clay
pot turned on its side, upside-down plastic buckets
with an entry hole cut out, or a small cardboard
box.

Heat source: Electric heating pads should never
cover the entire resting surface and should be set
an the towest setting to prevent skin burns and
allow the animal to seek a cooler zone. Recircu-
lating heat pads found in veterinary clinics are
ideal. but are expensive. Hot-water bottles
should be avoided because as they cool, they
become a heat sink and actually pull body heat
from the animal. Heat lamps may be used, but
are hard to regulate. Like the electric heat pad,
they should provide zones of coverage, If you
place your hand on the enclosure floor under the
heat lamp for a few minutes and your skin
becemes uncomfortably hot, it 1s too hot for the
animal and the lamp should be raised. Red heat-
lamp bulbs are preferred to allow animals to
sleep without the glare of white light.

Disinfectant: Household tleach at 1 oz per quart
{33 m! per liter) mixed fresh works well and is
inexpensive. Quaternary ammonia products or
chiorine dioxide are recommended as wel!, but
good ventilation and rinsing is required.

White vinegar: Rabbits produce alkaline urine with
calctum crystals that form a scale on surfaces.
Soaking in white vinegar before cleaning will
help to remove scale.

Measuring devices such as spoons and cups

Syringes: 1. 3, and 5 ec Luer slip

Feeding tubes: 3-5 French, red rubber

CRITERIA FOR INTERVENTION

Most wild bunnies that are presented as orphans are
probably not orphans. The general public is not edu-
cated about the life cycles of rabbits and does not
understand that a doe does not sit on or attend her
nest like a domestic dog or cat would do with a lit-

ter. Bunnies are quite small when they are weaned
and unless the animal is obviously injured, it should
be left alone. If a pet or lawn mower has disturbed a
nest, the nest should be recovered and pets removed
from the area. Since the doe will only return one to
two times a day to the nest 1o feed and care for the
young, the bedding may be replaced in a pattern
(e.g., checkerboard) that can be visually rechecked
for disturbance the following morning,

If a bunny is presented that is determined to be
healthy and weaned, a reasonable attempt should be
made to return it to its home environment. If this is
not possible, the bunny should be released in a sim-
ilar environment with the knowledge that regardless
of the location, the animal is a prey species and will
most likely be preyed upon at some point. The life
span of an eastern cottontail in the wild is approxi-
mately one year. A licensed rehabber should be able
to help with the release, and be knowledgeable
about “safe” release sites.

Most siates have laws against keeping native
wildlife as pets even if the animal has a permanent
injury that would preclude its release. People who
are interested in rehabilitation of wildlife should
check with their state wildlife office to determine
what permits are necessary.

If the animal is determined to be a true prewean-
ling and/or is injured, an experienced rehabber, vet-
erinary technician, or veterinarian should assess the
animal as soon as possible to determine if the ani-
mal can be reasonably treated for injuries and to
provide supportive care.

Domestic rabbit neonates may require hand rais-
ing due 1o death of the dam, poor mothering ability
that may occur with a doe with her first litter, or dis-
covery of orphan feral bunnies. In this last instance,
a domestic rabbit has been released by negligent
owners or escaped after being bred and is termed
feral. These does may not be capable of coping in
the wild (especially during extreme weather} and
are either killed or abandon their litter. If possible,
in a breeding operation, cross-fostering (finding a
surrogate doe) would be more economical.

ASSESSMENT OF THE NEONATE

Evaluate the bunny at entry to determine body tem-
perature and evidence of life-threatening wounds.
Puncture wounds from animal bites may be difficult
to locate and are frequently fatal. Rabies virus infec-
tion should be considered in many geographical
regions as a contaminant of bite wounds unless a vac-
cinated househo!d pet is known to be the predator.
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INITIAL CARE AND STABILIZATION

Neonatal mammals are very susceptible to hypother-
mia. The normal body temperature for mest hares and
rabbits is 100-103°F (37.8-39.4°C). If the bunny is
chilled by 53-6°F (34°C), the quickest way to warm
it is to submerge it (head above water) in 2 warm-
water bath (100°F/37.8°C) and rnassage gently.
Remove the animal within five minutes and continue
to warm/dry it under a heat lamp or dryer taking
extreme care not to burn it. Animals with severe
hypothermia will probably not returny to “normal”
after warming. Rapid warming of these animals may
result in fatal metabolic changes.

Keep in mind that warming the animal may exac-
erbate dehydration, Fluid therapy should be consid-
ered after warming. If the animal requires more than
oral hydration, subcutaneous injections of a bal-
anced electrolyte solution (lactated Ringer’s or nor-
mai saline) for intravenous use can be used at a rate
of 3540 ml/kg/day. If the animal is weak and con-
sidered hypoglycemic, 2 1/2% dextrose in lactated
Ringer’s solution (LRS) may be substituted.

FORMULAS

Recipes for milk replacer formulas are in Table L.1.
Rabbit milk is generally high in fat and protein and
low in carbohydrates. High-carbohydrate diets have
a negative effect on the bacterial flora and motility
of the rabbit gastrointestinal tract. The problem with
milk analysis is that no good studies have been done

Table 1.1, Recipes for Milk Replacer Formuias

1o look at how milk composition changes over the
lzctation period except in domestic rabbits used for
production. Oryerolagus milk solids are reported 1o
range from a high of 30% down o 25% over the lac-
tation period. Sylvilagus and Lepus are approxi-
mately 35% and 40%, respectively, but data are not
available to determine how these numbers change
during lactation.

Species-specific milk is considered to be best but
is generally not an available option with rabbits.
Milk replacement for orphan rabbits commonly uti-
lizes a combination of Esbilac or KMR (Kitten Milk
Replacer) and MultiMilk Esbilac is formulated for
canine pups and has more fat but less carbohydrates
and protein than KMR., KMR is formulated as a
milk replacer for domestic felines, is higher in pro-
tein and carbohydrates than Esbilac, and therefore is
not directly interchangeable with the Esbilac formu-
la. The MultiMilk (or Milk Matrix 33/40} has the
advantage of being able to increase the fat and pro-
tein when mixed with KMR or Esbilac without
increasing the carbohydrates. All three products are
manufactured by the same company and may be
ordered. KMR and Eshilac are readily available
from most pet stores and veterinarians. Heavy
cream (36% milk fat, 0% carbohydrates) may be
used to increase the milk fat of KMR or Esbilac for-
mulas. Half-and-half should not be used because it
will Jower the protein and increase the carbohydrate
content of the formula and may lead to digestive
upset or poor weight gain.

Recipe !

6 parts Esbilac liquid

4 parts Multi Milk (powder)
(1.91 kealfee)

Recipe I

] part Esbilac powder

1 part Multi Milk powder
1 172 parts water

(2.01 keal/ec)

Recipe HI

2 part KMR liquid

] part Multi Milk powder
(1.73 keal/ec)

Recipe 1V

1 part Esbilac powder
1/4 part heavy cream
1 part water

(1.93 keal/ce)

Recipe V

1 part evaporated milk

| part water

To each cup of this mixture add
| egg yolk

1 tablespoon corn syrup

Note: When mixing formulas a part equals a teaspoon or cup. For example, with Recipe I you would mix 6
teaspeons of Esbilac liquid and 4 teaspoons Multi Milk.
Sources: Recipes I-I'V—Marcum (1998), Evans (1997); Recipe V—Cheeke {1987).
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All formuias shouid be mixed in quantities that
can be utilized within a two- to three-day period and
be kept refrigerated. Only the amount of formula to
be used at a single feeding should be removed and
heated to reduce the probability of baclerial conta-
mination and spoilage. Powdered formulas can be
stored in airtight containers for up to s5ix months and
are generally more economical to use,

WHAT TO FEED INITIALLY

Once the bunny has been stabilized and is ready to
be fed, it is best to start with an oral electrolyte solu-
tion. Gradually add in the milk replacer to avoid
gastrointestinal upset, Rehydration should take
place prior to starting the formula and should be
corrected within a 24-hour period. A human oral
electrolyte solution such as Pedialyte may be used
to hydrale the animal and serve as its first meal.
Calculate the fluid requiremcents for a 24-hour peri-
od and divide by the stomach volume limits to
determine how many feedings need to take place
(see below in Amounts to Feed). 1f hydration is cor-
rected, mix formula and electrolyte solution 1:1 for
the next meal, If the animal is doing well consider
100% formula. Depending on the degree of dehy-
dration and the percentage of milk solids, the animal
may take 2448 hours to produce feces, but urine
should be produced by the second feeding. The ani-
mal should also be content after it is fed and the
abdomen should feel soft but full.

Neonatal rabbits, but not hares, require stimula-
tion of the anogenital region 10 urinate and defecate.
The doe will lick this regicn and frequently con-
sumes the by-products. The rehabber must perform
this stimulation task and can accomplish it by gen-
tly stroking this area with a warm moist cotton tip
applicator or gauze. Remove urine and feces lo
maintain hygiene.

NURSING TECHNIQUES

Once (he bunny is sirong enough to nurse, syringe
feeding is the method of choice. Excellent control of
milk flow can be obtained with a | or 3 ¢c non-Luer
lock (or ship tip} syringe placed in the comner of the
rabbit’s mouth. Placing a hand over the animal or
laying a piece of cloth over the animal's head/eyes
appears to increase the animal’s comfort leve! and
promote successful feedings.

Keep a warm moist clean cloth available to clean
the bunny's face after nursing. Formula that is left
to dry on the animal may cause hair loss and der-
matitis,

Utensiis that are used to feed the bunnies should
not be shared between animals to reduce the chance
of disease transmission. Between feedings, all uten-
sils should be cleaned in hot socapy water, rinsed
well, and allowed to dry. Dilute bleach (1 oz per
quart of warm water) may be used as a disinfectant,
bur the utensils should be rinsed again before air-
drying. Bleach will shorten the life span of the rub-
ber plungers in the syringes.

TUBE FEEDING

If the animal has a poor suckling respense, tube
feeding is recommended for the first couple of feed-
ings. A red rubber tube is attached w0 a 3 or § ¢c¢
syringe. Starting with the tip of the catheter at the
{ast rib, measure the tube against the side of the ani-
mal the distance from the last rib 1o the tip of the
nose. Using indelible ink, mark the distance on the
tube to the tip of the nose. This is the amount of be
to be passed into (he animal’s mouth and into the
stomach. The syringe plunger is advanced until milk
can bc seen at the tip of the catheter (wipe off
excess). Note that sufficient formula should be
drawn up into the syringe tc account for losses in
the tube. 1t is also recommended to reduce the vol-
ume at each feeding by 25-30% when force-feeding
and add an additional feeding to provide daily
caloric tequirements. With the animal restrained by
the nondominant hand, the tube is passed into the
back of the oral cavity and gently advanced in con-
Junction with swallowing. The length of tube if
measured correctly can only be in the stomach as it
would pot be able to pass that distance if it were in
the lungs unless it was advanced too roughly
through the tungs and diaphragm. Administer the
formula slowly, if you meet resistance, stop. The
abdomen should be gently distended but not firm or
hard.

FREQUENCY OF FEEDING

Does generally return to the nest to feed their young
once a day to reduce the chance that a predator will
follow her to the nest and prey upon her young.
Because we are not feeding mother's milk, which
resisls spoilage in the stornach, it is best to divide
the feedings into two to three a day to reduce bloal
and be able to provide the estimated caloric require-
ments using artificial formula,

Once the bunny's eyes are open (or approximate-
ly seven days for hares) and the animal is nibbling
on roughage, the number of feedings per day can be
decreased. By two to three weeks of age (len days
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for hares), one feeding shovld suffice and in anoth-
er five to seven days, the animal should be weaned
to solids completely. Allow an additional two weeks
for domestic rabbits. Continue to weigh the animal
every two to three days in case substantial weight
loss is noted. If weight loss occurs, wait one to two
additional days to decrease the number of feedings
and make sure to reassess the overall health of the
animal.

AMOUNTS TO FEED

The necnatal rabbit stomach can hold up to
100-125 ml per kg of body weight at each feeding,
Depending on the caloric density of the formula, the
animal should be fed one to four times over a 24-
hour period.

Example: A 30-gram bunny should be able to
handle up to 3-3.75 ml of formula per feeding.

30 g X 1 kg/i000 g X 100-125 mi/kg

To funther expand the example, a 30-gram bunny
would reguire

{2 X [70 X (0.030 kg)®™]) or 10.1 keal per day.

Using a milk replacement formula that provides
2.01 kcal/ml, the bunny would need to be fed per
day

10.1 keal/day X 1 mi/2.01 keal = 5 ml of formula

Since this amount (5 ml) is greater than the
amount the bunny’s stomach can hold at one feed-
ing, divide that number by two feedings per day and
the bunny will need to be fed approximately 2.5 ml
every 12 hours.

The amount to feed should be recalculated every
two to three days. Construction of a feeding chart
based on weight, kcal requirements, and use of a
standard formula is helpful for quick reference of
amounts 1o feed (see Table 1.2).

EXPECTED WEIGHT GAIN

Rate of gain is dependent on genus/species, adult tar-
get weight, genetics (domestic vs. wild), health of the
neonate, and type of formula. For cottontails, wean-
ing weight is somewhere between 150 and 200 grams
depending on the age at weaning and successful
transfer to adult diet (Fig. 1.1}. Domestic rabbit
weaning weights are very breed dependent since
some meat breeds were founded specifically for high
rate of gain, A domestic meat rabbit at 28-day wean-
ing might weigh 550-650 grams and by day 70 reach
2.2-2.5 kg (deBlas and Wiseman 1998)!

Steady weight gain and good or average body-
condition score are indicators of success. There may
be instances when no weight gain is detected for
24-48 hours, This may be normal for the short term,
but should not continue. Recalculate caloric require-
ments, assess the animal’s health, or consider
changing to a different formula in the future if you
continue to have repeated problems with weight
gains.

HOUSING

Orphan rabbits de not reed to be maintained for
long periods of time due to their shont maturation
time to weaning. Housing does not need to change
drastically from that described above in Equipment.

In the first week of life neonatal bunnies are at
greater risk of hypothermia due to their age and lack
of hair coat. Temperatore in the nest area should be
maintained at 80-85°F (26.7-29.4°C) and by week
three can be reduced to 70-75°F (21-23.9°C).
Necnatal hares are not at risk for hypothermia
because they are more precocious and able to regu-
late body temperature at a younger age than the rab-
bit species.

Wild rabbits and hares have a very strong flight
instinct and once they are able to move arpund may
rush around the enclosure and injure themselves in
an attempt to escape. Some may even vocalize with
fear. As mentioned in the previous description of
equipmeni, these animals should be provided a bur-
row to reduce stress. Handling should be kept to a
minimum to reduce taming down prior to release.
When catching an anjmal to feed or treat, the han-
dlers should be deliberate but gentle in their actions
to avoid chasing the animal around the enclosure.
Use of small washcloths 1o cover the antmal before
picking up may simulate a burrowlike atmosphere
and reduce stress. For animals that are extremely
difficult, lowering the light level in the room may
facilitate capture.

Domestic rabbit orphans have been tamed down
through generations of breeding and do not have as
great a fear instinct as their wild counterparts.
Regular and frequent handling will improve the pet
quality of these animals.

TIPS FOR WEANING FROM FORMULA
TO SOLID FOOD

If provided the right foodstuffs at the right age, rab-
bits wean readily. Within a few days of opening
their eyes {or within five to seven days for hares),
bunnies should be provided a selection of clean
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Table 1.2 Sample Feeding_;_Chart

Amotnt of formula
in ¢c feeding

Amount of Feeding intervals Stomach
Weight Required formula in in 24 hours capacity:
grams ounces keal cc’s per day* 2X X 4X 100ccikg**

25 09 8.81 4.4 22 1.5 1.1 2.3
30 1.1 10.09 5.0 25 1.7 1.3 3.0
35 1.2 11.33 5.7 28 1.9 1.4 35
40 1.4 12.52 6.3 3.1 2.1 1.6 4.0
45 1.6 13.68 6.8 3.4 23 1.7 4.5
50 1.8 14.80 7.4 3.7 2.5 1.8 50
55 1.9 15.50 8.0 4.0 2.7 2.0 5.5
60 2.1 16.97 8.5 4.2 28 2.1 6.0
65 2.3 18.02 9.0 4.5 3.0 23 6.5
70 2.5 19.05 0.5 4.8 3.2 24 7.0
75 2.6 20.06 10.0 5.0 33 25 7.5
80 2.8 21.06 10.5 53 35 26 R.0
85 3.0 2.4 1.0 5.5 37 2.8 8.5
90 3.2 23.00 1.5 5.8 3.8 29 9.0
05 34 23.95 12.0 6.0 4.0 3.0 2.5
100 35 24,89 12.4 6.2 4.1 3.1 10.0

* Caloric density is assumed 10 be 2 kcal/cc for this example.
** The amount of formula at each feeding should not exceed 100-125 cc/kg body weight.

Figure 1.1, Bunny on a scale
(photo by Laurie J. Gage).

leafy greens and good quality grass hay. Greens
would include but are not limited to dark green let-
tuces, kale, broccoli, parsley, cilantro, other herbs,
dandelion greens, and other greens {collards, mus-
tard, turnip). Since these greens are not anchored in

the ground by roots. it is recommended that the
greens be chopped into smaller pieces initially to
make them easier to consume by the young animal.

Fresh clean water should be provided daily as
carly as five days for hares. The water should be
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placed in a shallow heavy container. If the bunny is
eating wet greens, water consumption will be mini-
mal. If there are concerns over whether the animal
is getting enough water, place the animal on white
paper towels ovemight to check for urine spots.

Hay may be obtained from many pet stores, horse
farms, and even on-line. Some types of hays 1o con-
sider are timothy, orchard grass, oat, and various
prairie grasses. Commercial rabbit pellets may be
used, but are not as readily accepted, are relatively
high in carbohydrates, and even though labeled as
high fiber do not contzin long-stem fiber, which
appears to be important for mechanically stimulat-
ing and maintaining good gastrointestinal health in
the rabbit.

Fruits and vegetables high in natural sugars (e.g..
apples and carrots) and processed cereals are not
recommended and chronic feeding in domestic rab-
bits may lead to obesity and gastrointestinal motili-
ty disorders. .

Rabbits utilize a process referred to as hindgut
fermentation and are dependent on microbes in the
cecum to break down fiber in the diet into a more
nutritious product. The rabbit produces cecotrophs,
which are large soft “feces,” brown-green in color
and sometimes mistaken for diarrhea in the rabbit.
The rabbit stimulates the release of the cecotrophs
from the cecum by licking its perineum and then
consumes them. The cecotrophs provide water, vit-
amins, minerals, and protein to the rabbit diet.
Feeding them to preweanling rabbits will heip to
seed the young rabbit’s digestive tract with
microbes that are beneficial to digestion. If older
rabbits are available, check the wire bottom of the
cage in the morning for left over cecotrophs (soft
feces hanging from the wire or in the pan under-
neath) and dole them out to the preweanling bunnies
two to three times 2 week until weaning.

COMMON MEDICAL PROBLEMS

Persons working with wildlife should be up to date
on tetanus vaccinations and strongly consider rabies
preexposure vaccination series.

Bite injuries and infection are frequently fatal in
rabbits and hares. Wounds inflicted by the canine
teeth of predators ¢an cause deep underlying dam-
age with minimal skin damage. Antibiotics are indi-
cated when bite wounds are present. The microbial
popuiation of the rabbit gastroinestinal tract is par-
ticularly sensitive to certain antibwotics. Penicillin-
type drugs like amoxicillin and lincosamides (e.g.,
clindamycin} cause fatal enteritis and colitis and

should never be used orally in the rabbit.
Quinolones (e.g., enrofloxacin), pediatric suspen-
sions of trimethoprim and sulfa combinations, and
chloramphenicol are good antibiotic choices.
Concems over joint problems in young growing ani-
mals receiving enrofloxacin do not appear to be a
problem in young rabbits.

Wild rabbits and hares with fractures or eye
injuries need 1o be critically evaluated on presenta-
tion to determine if they are suitable candidates for
release. Euthanasia should be considered in animals
with injuries that result in permanent impairment.
While there are always exceptions, these animals do
not make good pets. Domestic breeds of rabbits
with the same injuries will generally adapt well to
permanent impairment such as blindness and loss of
limb because they do not succumb to the chronic
stress of captivity that their wild cousins do.

Fly-strike occurs when adult flies lay eggs on an
animal with an open wound, which is not cared for
due to lack of medical attention or an inability of the
animal to groom itself. The eggs hatch and the lar-
vae feed on the decaying tissue and may invade
body cavities. Start treatment by clipping the hair
away from the wound and irrigating with sterile
saline to remove diseased tissue. The larvae are
guite resilient and physical removal is therefore the
best way to get rid of them. Cuterebra can be a prob-
lem in rabbits that are housed out doors on the
ground where feces are allowed to accumulate.
These fly species lay eggs on the organic material.
The hatched larvae enter the rabbit’s body through
natural openings and penetrate mucous membranes
then travel through the body and exit through the
skin to complete their life cycle. Removing the lar-
vae, which can be visvalized through the hole in the
skin, with forceps, best treats this condition. Care
should be taken not to crush the larva inside the ani-
mal. Ivermectin appears to be helpful in treating
migrating forms of this “parasite” in areas where
repeated infections are a problem. Prevention is
through housing rabbits off the ground in raised
hutches and maintaining hygiene.

Bloat and diarrhea in neonatal bunnies are usuai-
ly due to a problem with feeding. Rapid formula
introductions, acute changes in brands of formuiz,
and incorrect miXing (too concentrated) are the
most common mistakes. Feeding electrolyte solu-
tions in liew of formula for one to two feedings
should help 1o alleviate problems and correct elec-
trolyte imbalances due to the diarthea. In some
cases, simethicone suspension marketed for human
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infants may be used to treat bloat due to gas accu-
mulation. When no other cause can be determined
for loose stool or diarrhea. the pediatric suspension
of rimethoprim and sulfa mentioned earlier may
help to stabilize the gastrointestinal tract of the
neonate.

Coccidiosis is a protozoan parasitic disease of the
small intestine and liver of rabbits. The organism
can cause fatal diarrhea in weanling domestic rab-
bits. Improved sanitation can reduce the incidence
of clinical disease, Oral sulfa drugs used to treat
coccidiosis in dogs and cats may be used to treat the
diarrhea,

Rabies has not been reported with any significant
frequency in wild rabbits and hares. As prey ani-
mals, they are probably killed by rabid predators
and thus do not survive to support an infection that
can be transmitted. In the last few years, an
increased number of domestic pet rabbits have been
diagnosed as rabies-virus positive. These rabbits
were housed outdoors and the rabid predators prob-
ably did not have full access to them, so the rabbits
were wounded and infected rather than killed (Karp
1999). Two cases from the same veterinary practice
in Lillington, Notth Carolina, resulted in over 30
people receiving rabies postexposure treatment.
People are infected with the rabies virus from con-
tact with virus-laden body fluids like saliva through
breaks in the skin when the animals are handled.

Tularemia is a bacterial disease caused by
Francisetla tularensis, Humans are infected through
breaks in the skin by handling infected tissues from
rabbits (and other wildiife). Humans have also been
infected by arthropods (ticks) that have fed on
infected wildlife. There are several forms of the dis-
ease, which can be fatal,

SOURCES OF PRODUCTS MENTIONED

Esbilac, KMR. Milk Matrix 33/40, and
MultiMilk: PetAg Inc., 261 Keyes Ave.,
Hampshire, IL 60140; 1-800-323-0877, 1-800-
323-6878; www.petag.com

Pedialyte: Ross Products Division, Abbott
Laboratories, Columbus, OH 43215-1724; 1-
800-986-8510: www.abbott.com, www.ross.com
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Puppies

Valerie T. Barrette

NATURAL HISTORY

The scientific name of the dog is Canis familiaris.
Average birth weight varies depending on breed: toy
breeds are 100 to 400 grams, medium breeds are
200 to 300 grams, large breeds are 400 to 500
grams, and giant breeds can weigh in excess of 700
grams. Time to weaning is three to six weeks.

RECORD KEEPING

Keep a daily log of food intake, stoo! and urine pro-
duction. consistency of stool, hydration, appetite,
attitude, and weight.

EQUIPMENT
The following items should be on hand:

Nipples

Bottles 4-8 oz {120-240 ml)

Blender

Rubber catheters, size 5, 8, and 10 French

Catheter-tip syringes, sizes from 6 to 20 ¢cc

Microwave or stove

Hot-water blanket, hot-water bottle, or rubber sur-
gical gloves 1o fill with hot water

Scale {grams preferred)

Rectal thermometer

Nipples and botiles speciftcally for use with hand
raising puppies or human baby bottles (4 10 8 oz)
{120 10 240 ml) and nipples, deperding on puppy
size are acceptable. Nipples made for premature
babies (obtained from a hospital) work very well.

A blender with an 8 oz (240 ml) jar attachment is
helpful when raising tiny breed or single puppy litters.

CRITERIA FOR INTERVENTION

It is necessary 1o assist puppies that are unable to
nurse adequately. This may be due to weakness,
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inability to compele, lack of bitch's milk supply, or
lack of bitch’s interest. In some cases, it may be pos-
sible to supplement the puppy and allow it to be
cared for otherwise by the bitch. This is the pre-
ferred method and should be applied whenever pos-
sible. However, removing the puppy from the bitch
and hand rearing it completely may sometimes be in
the puppy’s best interest. Healthy puppies that are
receiving adequate nutrition will nurse vigorously,
sleep soundly, and have a rounded, sleek appear-
ance. Indications a puppy is not receiving adequate
nutrition vary from constant crying and restlessness
to extreme inactivity. There will also be a failure to
achieve expected weight gain. Undernourished pup-
pies may also have a “pinched” look to the hip area
and a general unthrifty appearance.

ASSESSMENT OF THE NEONATE

Newborn puppies that are to be hand raised should
receive a physical examination to assess respira-
tion, pulse, and hydration and record temperature
and body weight. When possible, a fecal examina-
tion for parasites should be performed. Normal
temperature in newborns is about 96 to 97°F
(35.5-36°C), and there will be incremental increas-
es to 100°F (37.8°C) by four weeks of age. Age
may be roughly determined by the appearance of
the vmbilicus. A fresh-appearing umbilicus indi-
cates the puppy was born within the past 24 hours.
The umbilicus will shrink and dry up within a day
or two and typically falls off by the fourth day of
age. Another helpful age assessment for young
puppies is flexor/extensor tone. During the first
four days of life, flexor tone is dominart. Holding
the puppy by its head or scruff, it will curl its body
inward. After four days, it will extend its head and
appeas to bend backward.



i4 Hand-Rearing Wild and Domestic Mammals

INITIAL CARE AND STABILIZATION OF
THE NEONATE

Newborn or recently born puppies in need of inter-
vention frequently present with hypothermia, hypo-
glycemia, and/or dehydration. No attempt should be
made to feed milk replacement to a puppy whose
temperature is below 95°F (35°C). lnstead, a
warmed mixture of half lactated Ringer’s solution
and half 5% dextrose should be administered subcu-
taneously at a rate of 1 ml/30 g (1 mlioz) of body
weight. Pedialyte or a similar nutrient-electrolyte
solution should be administered orally to the hypo-
glycemic puppy at a rate of 1 ml/30 g (1 mlioz) of
body weight every 15-30 minutes until the puppy
responds. Warming of the puppy should be accom-
plished slowly, over the course of one to three hours,

Puppies should not be warmed to the adult nor-
mal body temperature as their normal body temper-
ature is several degrees lower. Puppies four weeks
of age and younger have a normal body temperature
of 96-97°F (35.5-36.1°C). Avoid warming them to
the normal adult temperature of [00-102°F
(37.8-38.9°C).

FORMULAS, SUPPLEMENTS, AND
DAILY CALORIC REQUIREMENTS

Puppies require approximately 13-17 kcal of
metabolizable energy per 100 grams of body weight
per day. Commercial formulas typically provide | ta
1.25 kcal/ml. The simplest formulas to use are com-
mercially available powdered canine milk replace-
ments. Esbilac (PetAg), Just Born {Famam), and
Mother’s Helper (Lambert Kay) are the most com-
monly available products in the United States. Most
of these products recommend a 1:2 (product to
water) dilution of their formula. 1 have found that a
dilution of 1:3 creates less potential for diarrhea or
constipation. While commercial preparations are the
preferred choice, when not available a homemade
version may be prepared. Below is one example:

Puppy Milk Replacer Formula
Here is the recipe for puppy milk replacer formula:

300 ml (10 oz) goat’s milk

177 ml {6 oz) boiled water

1 raw egg volk (the yolk only, no white}
236 ml (1 cup) whole fat yogurt

30 ml {2 tablespoons) mayonnaise

Place all ingredients in a blender and mix until
well blended. You may refrigerate the formula for
four days, then discard it and make new formula.

If using commercially available milk replace-
ments, chose one brand and use it throusghout the
hand-rearing process. Just as changes in solid food
diets may cause digestive upset, so may changes in
milk replacement. In addition, puppies become
accustomed to the taste of the formula and may
refuse an unfamiliar taste, It is important 1o make
the formulz in a consistent manner. A highly con-
centrated formula may cause digestive upset or
inappetence, Formula that is too dilute may result in
a frantic, hungry puppy that fails to thrive.

Many of the commercially available milk replac-
ers now are made to mix easily and can be mixed by
shaking in a jar. However, large quantities are more
effectively mixed in a blender. It is recommended
that formula be mixed in a blender well ahead of
feeding, as the air bubbles generated may cause
indigestion. Avoid overblending. Run the blender
about ten seconds or less to combine the ingredi-
ents.

Formula should be heated to approximately
100°F (37.8°C) or near the puppy’s body tempera-
ture. A microwave may be used, but care must be
taken to not overheat the formula. Qverheated for-
mula may change in consistency and cavse digestive
upset. Thoroughly mix the formula to eliminate “hot
spots.” and always test the temperature by placing a
few drops on the inside of your wrist.

Formula may be reheated if necessary during a
feeding, but once heated, formula should not be
refrigerated of reused later, Prepared formula should
be discarded after 24 hours. Follow the manufactur-
er’s directions for storage of the powder.

Boitles, nipples, and any other equipment used in
the preparation of formula should be washed in hot,
sudsy water and thoroughly rinsed after each use, to
prevent bacterial growth. Formula should be stored
in the refrigerator in a separate container. Storing
formula in the same botile used for feeding is not
recommended.

WHAT TO FEED INITIALLY

Until the puppy’s temperature is over 95°F (35°C),
the only oral solution given should be plain
Pedialyte (Ross) or other nutrient-electrolyte solu-
tion such as lactated Ringer’s with 5% dextrose. In
a pinch. 8 oz boiled water mixed with 1 tablespoon
white Karo syrup (do not use honey) may be used.
Once the rectal temperature is abave 95°F, warmed,
diluted formula {one part Pedialyte to one part milk
replacement formula) may be started. Provided
there is no gastrointestinal upset after two to three
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feedings, which is determined by stool consisiency,
and the puppy is able to maintain normal tempera-
tore, 100% formula may be fed.

NURSING TECHNIQUES

Unlike human babies, puppies should be fed while
on their stomachs (Fig. 2.1). Feeding puppies on
their backs puts them at an increased risk of aspirat-
ing the formula. It may take the puppy some time to
acclimate and accept the nipple, especially if it is an
older puppy that has had an opportunity to nurse
from the dam. The different taste of ihe milk may
also be a complicating factor. Have a variety of nip-
ples on hand as puppies will frequently develop a
preference for a particular nipple. I have had the
best luck with nipples made expressly for premature
human babies. These are not the nipples sold over
the counter as preemie nipples, but are nipples
obtained from 2 hospital. They are smaller and more
pliable than store-bought nipples and I have found
that puppies more readily accept them. Puppies may
have a good suckle reflex for your finger, but fade
off while on the bottle. Be persistent and patient.
Slipping the botile alongside your finger or placing
formula on your finger may help start the process.
Hold the bottle so that the puppy is not ingesting air.
Do not squeeze the bottle. If the puppy seems 1o
have difficulty getting milk from the nipple, the hole
may be enlarged with a hot needle. However, check
first to ensure the problem is not caused by a clot of
formula or other obstruction. When held upside
down, milk should drip at a slow rate from the nip-
ple hole.

TUBE FEEDING

Tube feeding makes it possible to supplement a
puppy too weak to suckle, or one who simply refus-
es the unfamiliar nipple and formula. Acclimating a
puppy to the nipple is time-consuming, and having
the option of tube feeding may relieve the caregiver
of frustration. and give the puppy necessary nutri-
ents. In general, feedings should be reduced in vol-
urme by 30% when tube feeding. While the formula
will be delivered slowly it is not possible for the
stomach to expand to accommodate a full meal.
Regurgitation and the resultant aspiration of formu-
la could be fatal. Tube-fed puppies will need to have
more frequent feedings to overcome the deficit. For
puppies that weigh less than 310 g {10 oz), a #5
French infant feeding tube should suffice. Puppies
over 310 g (10 oz) will best be fed with a #8 to #10
French feeding tube. The tip of the tube should be
placed just forward of the last rib, with the distance
measured to the tip of the nose and marked on the
tube in permanent marker. This measurement
should be redone on a weeidy basis for puppies who
require long-term tube feeding. The appropriate
amount of warmed formula should be drawn up into
a syringe and the feeding tube attached. Do not
warm the formula in the syringe as hot pockets of
formula may occur and could cause internal tissne
damage. Express formula through the tube 1o expel
all of the air. Holding the puppy’s head firmly in &
normal position (not flexed up), gently pass the tube
into the mouth and throat, Provided there is no resis-
iance, continue to pass the tube until you reach the

Figure 2.1. Two-week-old
puppy nursing on a hottle
{photo courtesy of Pat Wiison).
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premeasured mark. Any resistance or obstruction
should cause you to withdraw the tube and try
again. Once properly passed, the formula should be
administered slowly at a rate of 20 seconds per 10
mi. The puppy should be watched carefully for any
signs of aspiration or regurgitation. If regurgitation
results, abort the feeding until the next scheduled
time and reduce the quantity.

It is important to note the possibility of delivering
the formula to the lungs. This could be fatal to the
puppy. Keeping the puppy’s head level and slightly
extended forward can help to direct the tube into the
esaphagus. One method to ensure proper placement
is to insert the empty tobe, unattached to the
syringe, into the puppy's esophagus. Placing the end
of the tube into a bow! of water can help to deter-
mine whether it is in the lungs or stomach, as a tube
in the lungs will cause the water to bubble as the
puppy breathes. Keep in mind that 8 small amount
of bubbles will occur even if the tube is in the stom-
ach, as the air in the tube is displaced. One draw-
back to this inethod is the ingestion of air into the
puppy’s stomach, as the syringe is attached to the
empty tube and its contenis delivered to the puppy.
“Burping" the puppy in this case may be helpful. It
can also be difficult for the single person who is tub-
ing a wiggling puppy. However, if you are unsure of
your tube-feeding skills, get help. Improper place-
ment of the tube and delivering formuia to the lungs
could result in serious medical problems or even
death. In the event the puppy does aspirate the for-
mula, immediately withdraw the tube and suspend
the puppy upside down in a gentle swinging motion,
using gravity to help displace the liquid.

FREQUENCY OF FEEDING

For weak or compromised puppies, feeding may be
necessary once every hour or two around the clock,
until they are stabilized. For apparently healthy
newbomns, feeding should occur every two hours for
the first few feedings. As they show evidence of
gaining weight with no gastrointestinal upset, the
amount of formula fed can be increased and the fre-
quency of feeding reduced to every four to six
hours. Bettle-fed puppies may start to refuse some
feedings and increase their intake at other feedings.
This is fine provided that the puppy’s abdomen is
not uncomfortably distended after feeding.

AMOUNTS TO FEED

On a daily basis. newbom puppies should receive
approximately 25 to 30 m! per 120 g (4 oz) body

weight. I have found that slightly underfeeding the
puppies initially reduces the likelihood of digestive
upset. If puppies are eating well and appear hungry,
the feeding amounts may be gradually increased.
Increasing the feeding amount too abruptly may
cause problems with the puppy’s digestive tract.

ELIMINATION

Newbom puppies must be stimulated to utinate and
defecate. A moistened cotton ball, gauze. or wash-
cloth gently massaging the anogenital region and
abdomen simulates the mother’s tongue action. This
should be done at each feeding. Some puppies
object vigorously to being stimulated, especially
during defecation. These puppies may benefit from
being stimulated prior to feeding, as their struggling
on a full stomach can result in vomiting. The elimi-
nation reflex is present by three weeks of age, with
some puppies exhibiting it much earlier. Care
should be taken to stimulate around the sensitive
anogenital area and not abrade it. The application of
petroleum jelly after stimulation may help to reduce
trritation.

EXPECTED WEIGHT GAIN

Weighing the puppies daily can help you spot the
first sign of a puppy who is not thriving. For the first
five months of life, puppies should gain 1 to 2 g
/day/lb of anticipated adult weight (2 to 4 g/day/kg
expected adult weight). For example, & male
German shepherd’s average adult weight would be
80 1b (36 kg). A male German shepherd puppy
should gain B0 1o 160 grams per day. While a puppy
may not gain weight over a specific 24-hour period,
weight loss or lack of weight gain within a 48-hour
period should be reason for concern and interven-
tion,

HOUSING

Newborn puppies are unable 1o regulate their body
temperature for the first weeks of life. They require
an ambient temperature of 86°F (30°C) to 90°F
(32.2°C} for their first week, with gradual decreases
overl the following three weeks to 75°F (23.9°C).
Newbom puppies should never be housed on heat-
ing pads. Neuromuscular reflexes are not present
until seven days of age, and the puppy will not be
able to withdraw and avoid a severe burn. Warm-
water heating blankets and surgical gloves filled
with water are good candidates for safely warming
the puppy. The warm water gloves can be reheated
in the microwave and reused repeatedly. Make sure
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there is plenty of bedding or toweling between the
heat source and the puppy. It should be possible for
the puppy to move away from the heat source if it
chooses. Puppies should not be housed on newspa-
per or other slick surfaces. Instead they should be on
a substrate that allows for good traction as they
begin to support their weight and move about.
Humidity should be maintained at approximately
55%. A damp towel partially draped over the nurs-
ery box works well, as does a cup of water in the
close vicinity (out of range of the puppy). There is
much controversy about whether a litter of puppies
should be hand raised as a group or separately, One
of the problems frequently encountered with pup-
pies housed together is their tendency to nurse on
each other. Besides the mess of puppies being stim-
ulated to unnate and defecate in the nest and on
each other, repeated sucking may result in actual
damage to sensitive tissue. Tt is felt that until three
weeks of age, puppics are relatively unaware of
their environment, On the other hand, puppies hand
reared by thernselves have been known to suckle on
their paws. Regardless of what the caregiver choos-
es to do, by three weeks of age the puppies should
have regular contact with each other,

IMMUNE STATUS AND SPECIAL NEEDS

Puppies who have been unable to nurse from the
bitch the first 24 hours after birth will not have
received maternal antibodics. This means that they
are at increased risk of disease and should be han-
dled with extreme care. Precautions such as wearing
specific clothing when caring for the puppy, wash-
ing and disinfecting of hands and all feeding mate-
rials, and keeping the puppy in an isolated area will
keep risk of infection (o 8 minimum.

TIME TO WEANING

Puppies may be weaned if necessary as scon as their
eyes are open, although it is recommended 1o wait
until three weeks of age. Once they are dnnking and
eating solid food well, supplemental feeding with
formula may stop. The entire weaning process typi-
cally lasts until the fifth week.

TIPS FOR WEANING FROM FORMULA
TO SOLID FOOD

There are many prepared weaning formulas avail-
able that can be mixed with the milk replacement.
As the puppies leam to lap, the milk replacer can be
reduced until the puppies are eating solid food.
However, since the pupptes will need to adjust to a

new taste anyway, it may be more efficient to begin
to use a mashed version of their future puppy food.
Soaking dry puppy food in hot water until seft, and
then mashing and mixing it with the milk replacer
works well. Allowing the puppies to suck the mash
off of your fingers can begin to acclimate them to
the taste. Weaning is a messy business and puppies
will frequently wear more of the food than they
ingest at first. Using heavy cassergle pans or pans
manufactured expressly for feeding puppies will
make it casicr to do a group feed. I find it works the
best to offer the mash just prior to a scheduled bot-
tle feeding, this way puppies are motivated to try to
eat, but don’t lose out if they are slow leamers. As
the puppies become adept at lapping, use less milk
replacer to create more solid food. At this point,
water should be made available to the puppies. Over
the next two weeks, the frequency of bottle feedings
will be reduced to none, and less water will be
added to their food until they are eating softened but
formed kibble.

COMMON MEDICAL PROBLEMS

A chilled puppy will refuse to nurse and will quick-
Iy dehydrate and become hypoglycemic. This can
be combated by administering equal parts of
warmed 5% glucose and lactated Ringer’s subcuta-
neously at a rate of 1 mi/30 g body weight (| mb/oz).
Warmed Pedizlyte may be administered by gavage
(tube fed) at a rate of 1 ml/30 g (oz) body weight
every half hour until the puppy responds. The puppy
should be warmed slowly over a one- to three-hour
period. Toa rapid warming can result in inadequate
tissue oxygenation. Oxygen should be given if heart
or respiratory rate is decreased. The normal new-
bom puppy's heart rate is 120-150 beats/min for the
first 24 hours, while the respiratory rate is 8-18
breaths/min. After 24 hours, the heart rate increases
to 220 beats/min and the respiratory rate increases
to 15-35 breaths/min through five weeks of age.

Diarrhea or constipation is frequently a result of
changes in the formula or incorrect feeding prac-
tices. Fecal analysis should be performed to rule out
parasites. Formula that is too concentrated often
results in constipation, Overfeeding may cause diar-
rhea in the neonate, as can bacterial overgrowth.
Formula should be mixed in a consistent manner,
with all feeding utensils kept scrupulously clean.
Heated formula should not be stored and reheated,
nor should formula be stored in the same bottle used
for feeding. Mixed formula should be discarded
after 24 hours.
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SOCIALIZATION

Starting at three weeks, puppies should be handled
more often than what is necessary for feeding and
cleaning. Especially when keeping puppies separate
or raising a single puppy, it is necessary for there 1o
be some benign disruption in their lives. In a normal
litter, puppies would be pushing for nipple access,
climbing over and being climbed on by their litter-
mates, and, in general, dealing with competition,
frustration, and some stress. The hand raiser may
need to simulate these circumstances. While it may
seem counterintuitive, the quiet, siress-free “plastic
bubble” environment is not the way 1o raise a for-
mal puppy. While the critical socialization period
lasts from three to twelve weeks of age, it is
believed that it reaches a peak at 49 days. From this
point on, human contact begins to have increasingly
less of an impact on socialization. From 21 days to
49 days of age, we have the chance 10 make the
greatest impact on how puppies will relate to
humans. In addition, every effort should be made 1o
give the single puppy an opportunity to interact with
its own species during this critical time,

SOURCES OF PRODUCTS MENTIONED

Farnam Companies, Inc., Phoenix, AZ B5067-
4820, 1-800-234-2269, www.farnampet.com

Lambert Kay, 1-609-951-4700

PetAg Inc,, 261 Keyes Ave., Hampshire, IL
60140; 1-800-323.0877, 1-800-323-6878;
Wwww.pelag.com

Ross Products Division, Abbott Laboratories,
Columbus, OH 43215-1724; 1-800-986-8510;
www.abbott.com, www.ross.com
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Domestic Kittens

Laura Summers

NATURAL HISTORY

The scientific name of the cat is Felis domesticus
domesticus. Average birth weight s 100 grams,
Birthing takes place spring to summer (all year
round in tropical climates}. Time to weaning is three
and a half to four weeks.

RECORD KEEPING

Kittens should be weighed daily for cne to two
weeks, then every two to three days until they are
three to four weeks old. For those under two weeks
of age. an intake log should also be kept, which
includes the time of feeding and the amount fed.

NURSING TECHNIQUES

Kittens will naturally be competitive with each
other for a mipple. If you are raising a litter, it is wise
to move the kitten being fed away from the others to
keep competition 10 a minimum. Simply bring the
kitten up o your lap for a turn at the bottle, Keep the
kitten in a natural position with its feet in your lap;
do not turn the kitten on its back for feeding (see
Fig, 3.1). In the beginning, hold the kitten’s head
gently with your thumb and forefinger. With the
other hand, open the mouth and insert the nipple.
Using the hand holding the kitten's head, gently
keep it from tumning its head and losing the nipple.
Squeeze the hottle just enough so a drop of formula
is on the tip of the nipple. Generally there will be
some chewing on the nipple and some frustration on
the part of the kitien and the handler. Be patient!
Once the kitten learns the routine, it will begin
latching on to the nipple when you touch it to the
kitten’s mouth. It is natural for Kittens to want to
knead with their paws while nursing. Once the Kit-
ten is nursing consistently, you should be able tc
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hold the bottle and the upper part of the kitten with
one hand, atlowing the kitten to knead on your hand.
As the kitten nurses formula from the bottle, you
will need to allow air into the bottle 1o prevent a
vacuum from forming. This can be accomplished by
loosening the bottle top slightly to allow air to enter
the bottle, or by periodically removing the nipple
from the kitten’s mouth. In the beginning, this will
not be an issue, as the kitten will not eat very much.
However, as the kittens get older and are eating
more, they will become upset if you atternpt 1o take
the bottle away from them before they have finished
their meal. Therefore, getting used to loosening the
top just enough to let in air is the preferred method.

Allow each kitten to nurse until it refuses the bot-
tle, feed kittens in sequence until all kittens are fed.
It is wise to offer everyone “seconds,” as some will
eal more at the second offering.

The preferred bottle type is the PetAg Nurser,
specially sized for kittens and small mammals (see
Fig. 3.1}, ¥ this is not available, a 3 cc syringe will
work for feeding. However, this does not allow the
kitten to suckle properly, and if the formula is given
100 quickiy, the kitten may aspirate formula.

After each nursing session, all kittens need to be
stimulated to urinate and defecate. Use soft, dry.
absorbent matenal (tissue or cotton balls) and gen-
tly rub the genital area (see Fig. 3.2). Kituens will
usuzlly urinate after each feeding and defecate once
or twice each day.

Most kittens will learn to nurse from the bottle.
However, if you have a particularly weak kitten or
one who does not have a strong suckle reflex, you
may neced 10 begin tube feeding. Use a #5 French
red rubber catheter and measure from the mouth 1o
the last rib. Mark the tube with an indelible marker.
Once again, keep the kitten in a natural position and
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Figure 3.1. Young kitten
nursing on a PetAg nurser.

Figure 3.2. Stimulating a kit-
ten to urinate and defecate.

pass the tube through the mouth and into the stom-
ach. You may do this by gently sliding the blunt tip
into the kitten's mouth and advance it slowly into
the stomach. If the kitten begins to gag or the tube
does not advance easily, remove the tube and start
over. Kittens that are being tube fed are usually only
a few days old and will require about 2-3 mi of for-
mula per feeding. To remove the tube, crimp the end
10 prevent leakage of fluid while the tube is in the
esophagus and gently pul! the tube from the kitten’s
mouth. Kittens should be encouraged to nurse after
tube feeding and they will eventually get used to
nursing from the bottle. [t may be tempting to tube
feed late-night feedings instead of altowing the kit-

ten to nurse. Avoid this. Kittens need to suckle and
it is undesirable for them to receive their full feed-
ing in just a few seconds.

AMOUNTS TO FEED

Kittens less than one week of age will generally eat
13 ml of formula per 100 g (3.5 oz) body weight per
day. This should be divided up into several feedings
of 1.25 to 2 ml per feeding spaced twa to three hours
apart during the day, and three to four hours apart at
night. From one to two weeks, they will generally
eat 17 mls of formula/100 g body weight per day
and can be fed every three to four hours. From three
to four weeks, feed 20 ml of formula/100 g body
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weight per day divided into feedings every four to
six hours. From week four to five, feed 22 m! of for-
mula/100 g body weight per day, again divided into
feedings every four to six hours. After feeding, the
abdomen should be enlarged but not distended.
Note: It is better to underfeed rather than overfeed
during the first few weeks of life to avoid gastroin-
testinal disturbances,

FORMULAS

Fortunately, there is a variety of commercial kitten
formulas readily available in pet food stores. The most
widely used formula is Kitten Milk Replacer (KMR;
PetAg). This formula comes in a powdered and recon-
stituted (canned) form, When raising a litter, it is most
practical and economical to use the powdered form;
however, the reconstituted form may be used if need-
ed, Use the following guidelines for mixing:

Powdered KMR formula:
For kittens less than two weeks old, mix onc
part powder to two parts water. For kittens over
two weeks, mix two parts powder to three parts
water.

Reconstituted KMR formula:
For kittens less than two weeks, mix one part
reconstituted formula to one part water. For Kit-
tens over two weeks, mix two parts reconstituted
formula to one part water.

These dilutions reflect a higher water content than
the directions commonly printed on the packaging. [
have found that additional water improves the for-
mula consistency and reduces GI upset in kittens.

Powdered formula may be mixed in a blender or
by hand. If a blender is used, mix only for a few sec-
onds and allow the formula to settle for at least 30
minutes prior 1o feeding. (This will reduce the num-
ber of air bubbles in the formula.) The formula
should be heated to about 100°F (37.8°C) before
feeding. At this temperature, the formula should be
warm but not hot when a small drop is placed on the
inside of your wrist. The formula/water mixture
may be kept refrigerated between feedings. Discard
any unused formula after 24 hours. If you are using
recenstituted formula from a can, discard it after it
has been open for 24 hours.

If in an emergency sitvation you cannot obtain a
commercial kitten formula, you may use the follow-
ing recipe to make a kitien formula from scratch:
Blend 0.5 cups whole milk, 1 egg yolk, 1 drop mul-
tiple vitamin infant vitamins, 3 CaCO, (Tums)

tablets, Blend for one minute then strain through a
kitchen strainer. Feed the same amounts as ootlined
for the commercial formula.

EXPECTED WEIGHT GAIN

Normal kittens weigh about 100 g (3.5 oz} at birth
and will gain 7 to 10 g/day. Most kittens gain weight
daily. If a kitten s not gaining weight, or eating well,
its clinical condition must be taken into account. For
example, if a Kitten misses a single meal or does not
gain weight for a single day but is active and alen,
there is usually no need for concern. If a kitten miss-
es a meal or does not gain weight AND is quiet and
less active, then supportive care {SQ fluids and tube
feeding) as well as investigation into an underlying
cause is warranted. {t is not uncommon for a weight
plateau 10 occur when weaning to solid food.

HOUSING

For the first week of life kitiens are unable io regu-
late their own body temperature. From birth to
seven days, kittens should be kept at an ambient
temperature of 86-90°F (30-32.2°C). Over the next
few weeks, as the kittens' ability 1o self-regulate
body temperature improves, the ambient tempera-
ture may gradually be decreased to 75°F (23.8°C).
Humidity should be maimained at 55-60%, The
area they are kept in initially should be quiet and
free of drafts. A small-sized, portable animal crate
works well to house the kittens, Line the bottom
with a clean towel; a fleece on top of the towel is
helpful to provide additional padding and to wick
away any moisture. A towel over the top of the crate
will make the crate dark and secure. Additional heat
may be provided by placing warm-water bottles in
the crate, or by placing half of the crate over an elec-
trical heating pad set on “low.” (Remember—warm-
water bottles become cold-water bottles and will
need to be rewarmed at each feeding; and electrical
heating pads may overheat easily.) Take a moment
at each feeding to feel inside the crate to be sure that
the temperature is comfortable.

Because of the frequency of feedings of new-
bhoms, the litter will on occasion have to travel with
the foster parent. For traveling, the crate is fairly
easy to transport. An alternative temporary house is
a flat-bottomed duffel bag. Line the bottom with a
towel and fleece and you are ready to go. If the bag
has side pockets, this is the perfect place to store
supplies such as cotton balls, formula, and bottles.
The duffel bag affords the fosier parent some addi-
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tional privacy since everyone will want to stop and
poke their fingers into a crate fuil of kittens, howev-
er, someone carrying a duffel bag generally goes
unnoticed.

After three weeks of age, the kittens wiil become
more explorative of their envirenment and will need
more space. At this time, a large-animal crate is an
ideal house; alternatively, space may be blocked off
in a bathroom or kitchen. At this age they are begin-
ning to urinate and defecate on their own and it is
advisable to house the kittens on an easily cleaned
surface.

CLEANING AND CARE

With any litter, cleanliness is of paramount impor-
1ance to a successful outcome. Budgeting your time
for feeding as well as cleaning will pay off in the
long run.

Be sure to clean the nipple of the bottle with dish-
washing soap after each feeding and rinse well with
hot water. Bottles should be cleaned in the same
way ideally after every feed but at least once daily.
A bottle brush will aid in scrubbing the inside of the
bottle, Once a week, bottles and nipples shovld be
boiled for ten minotes.

Animals that are stimulated to urinate and defe-
cate after feedings are less likely to have accidents
in their “den” Kittens for the first three to four
weeks will need to be stimulated after feeding to
urinate and defecate. If care is given to do a thor-
ough job after feeding, fecal and urine messes can
be kept to a minimum. It is much easier to clean
messes as they oceur (i.e., when the kitten is stimu-
lated) than it is to bathe a litter of kittens that defe-
cated in their den. However, accidents will invari-
ably occur. When this happens change all the soiled
bedding immediately. If any kittens have urine or
feces on their fur. they can be gently bathed with
dilute, mild pet shampoo and dried with a hair dryer
set on low.

IMMUNE STATUS AND SPECIAL NEEDS

Kittens may be orphaned at various stages of kitten-
hood. Those that have nursed from the queen have
an added advantage of receiving colostrum.
However, even if kittens have not received this first
milk they will often still thrive. It may be assumed
that kittens within a liiter have all been exposed to
the same pathogens and can be cohoused and nursed
from the same bottle without consequence, Care
must be taken to avoid cross contamination if you
are burdened with more than one litter 10 hand raise

at the same time. If this is the case, it is wise to ded-
icate housing space and equipment © each liter
separately. Adult cats should always be housed
away from litters of young kittens.

Feline leukemia virus (Felv) and feline immun-
odeficiency virus (FIV) may be transmitted in utero
or by nursing from mother to offspring. All kittens
should be tested at eight weeks of age for these
viruses. Kittens should not be exposed to other non-
infected cats unti]l they have tested negative for
these viruses.

TIME TO WEANING

Weaning may begin at three and a half to four weeks
of age. If you don’t know the age of a litter for sure,
weaning age will cotrelate with the time you begin
to see teeth erupting. The weaning process may be
difficult but even the most stubborn kitiens should
be eating commercial kitien focd by the time they
are six weeks old.

TIPS FOR WEANING FROM FORMULA
TO SOLID FOOD

While there are several ways to accomplish wean-
ing, the easiest is to begin by making a 50/50 mix of
formuls and warm, canned kitten food. Hills
Science Diet or Tams Growth Formula work well.
Place the food in a shallow dish and allow the kit-
tens to explore this new experience. The kittens will
at first prefer to walk through the new food so it is
advisable to put a towel down under the food con-
tainer. You ¢an help by placing a very small amount
of food into the kittens® mouths. As the kittens get
used to eating the new food, the amount of formula
may be gradually reduced unti! they are eating only
canned food. Once they are eating canned food., the
transition to dry kibble is usually uncomplicated.
Leave a small bowl of fresh kibble available and
they will begin eating the kibble between the meals
that you provide for them.

At about the same time that kittens are leaming to
eat commercial food they will begin to use a hiter
box. Provide a low-sided container (such as a pie
pan or Styrofoam meat packaging pan) filled about
half-full with general-purpose kitty litter or shred-
ded paper. Clumping litter is not recommended
since many kittens will try to eat the litter when they
first encounter it. It may be helpful to gently stimu-
late the kittens to urinate and defecate while they are
standing in the litter pan. This will help them to get
the idea, however most kittens will naturally begin
1o use a litter box if one is provided for them.
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COMMON MEDICAL PROBLEMS

When you first acquire an orphan kitten, it will
often be dehydrated and/or emaciated frem lack of
nutrition. Since IV access is not always possible in
a newborn, giving isotonic crystalloids (preferably
lactated Ringer's solution) intraperitoneally is the
most effective way to rehydrate a severely dehydrat-
ed kitten. Fluids may also be given subcutaneously
if the kitten’s hydration status is only mildly com-
promised. It may be difficult to assess hydration sta-
tus in a newbom Kitten; however. there are some
reliable methods. Check the mucous membrane
moisture; the gums should be moist, not dry.
Examine the skin turgor by gently tenting the skin
over the kitten’s shoulders: it shovid spap down
almost immediately.

Fleas are often seen on kittens that have been
recently abandoned or orphaned. If possible, it is
best to avoid vsing pesticides on newborn kittens. If
the problem is minor (one or two fleas) simply use
a fine-toothed “flea comb” to remove fleas manual-
ly and change the bedding daily. However. often the
parasite load is to0 great to handle with the manual
removal of the fleas. The kittens may become ane-
mic very quickly if a large number of fleas are
allowed to remain on the animal. In these cases, the
animal should be bathed with a diluted pyrethrin-
based shampoo approved for kittens to aid in flea
removal. An altemative to bathing is to apply a very
small amount (one drop} of imidocioprid
(Advantage, manufactured by Bayer, sold only
through veterinarians) to the skin at the base of the
skull of each kitten. The fleas will begin to die
almost immediately and can be removed using the
flea comb.

Kittens are susceptible to and commonly acquire
upper respiratory infections. These infections are
caused by feline viruses that can subsequently lead
to secondary bacteral infections. It is important to
keep the nasal passages clear of mucus. This may be
done by gently swabbing the kitten’s nose to keep it
clean. It is also helpful to bring the Kitten imo a
bathroom filled with steam to help relieve conges-
tion. If the mucus secretions are green or yellow, or
if the kitten's bedy temp is greater than 103°F
(39.4°C), then antibiotics for the bacterial infection
are indicated. These infections generally respond
well to antibiotics such as amoxicillin (Amoxi-
drops) or amoxicillin with clavulenic acid
(Clavamox). Both are sold through veterinarians or
human pharmacies and are manufactured by Pfizer.

It is not uncommon for orphan kittens to suckle
the genital areas of their littermates. This may lead
1o a serious health problem for the victim. Urinary
strictures witl form from excessive irritation; this is
especially a problem for male kittens. To identify
the problem, look for a kitten with red or inflamed
genitals when stimulating the kittens to urinate/
defecate. Also watch for a kitten that routinely has
urine or feces on its head and seems to spend a lot
of time “rooting” after feedings. The only way to
handle this situation is to house the kittens in differ-
ent areas.

Some newborn kittens develop diarrhea especial-
ly when they are first fed kitten formula. When this
happens, it is important 1o keep the animal well
hydrated. If an animal is having diarthea for 12 to
24 hours, begin diluting the prepared formula with
an additional amount of water. Mix one part pre-
pared formula to one part water. As the diarthea
resolves, gradually decrease the additional water
until the original formbia is being fed. If kittens are
over four weeks of age when they develop diarrhea,
intestinal parasites should be suspected. Ascarids
{roundworms) are the most common pathogen and
are readily identified microscopically when doing a
fecal parasite examination. Pyrantel or fenbenda-
zole are appropriate anthelmintics to use to treat
parasites in kittens,
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Critically Il and Orphaned Foals

K. Gary Magdesian

NATURAL HISTORY

The scientific name of the horse is Equies caballus,
Average birth weight is 45-50 kg for light-breed
horses (Thoroughbred, Quarter Horses, eic.). Births
are seasonal and take place January 1 to July | for
performance, racing, and show breeds in the United
States. Mares will naturally foal through the spring
and sumimer months. Gestational length averages
330 to 345 days. with a range of 320-365 days.
Miniature breeds have a more variable gestation,
and often foal earlier than 320 days. Time to wean-
ing is three to six months of age.

RECORD KEEPING

Keep a daily log of food intake, fecal and urine pro-
duction, fecal consistency, hydration, body weight, and
behavioral notes including attitude and appetite. Keep
a record of vaccination and deworming schedule.

EQUIPMENT

The following items should be on hand: Human
baby bottles, lamb or human Gerber NUK nipples,
microwave or other method of heating formula, 60-
cc catheter-tip syringes, stomach tubes/infant feed-
ing tubes.

The nasogastric tube that 1 use most often is a 12
French, 45 in (114 ¢m) polyurethane human feeding
tube (Ross). This is a very soft, pliable tube with a
small diameter that is nonmirritating to the pharynx,
esophagus, and stomach. It is radiopaque for confir-
mation of piacement.

Other tubes that can be utilized for indwelling
nasogastric feedings include the following:

Harris flush or enema tube (#24 French;, 60 in,
seamless; Professional Medical Products, Inc.}—
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good for ease of placement bug stiffer, larger
size, and not 1deal for long-term use
Kaslow Stomach Tube (#18 French 30 in; Baxter)
Infant Feeding Tube (#8 French; 42 in;
Mallinckrodt)—soft, small, gentle on tissues but
at a disadvantage for placement

If these are unavailable, then a soft, rubber, stallion
urinary catheter may be used.

Whenever nasogastric (NG) tubes are placed for
long-term use, consideration as to size and consis-
tency (stiffness) of the tube should be made. Small
diameter (12 French). soft (such as polyurethane)
tubes may be left in the stomach, as esophageal
reflux is rarely associated with these tubes. If large-
bore, rigid tubes are used, they should be passed 1o
the level of the distal csophagus to avoid disrupting
the esophageal sphincter. Such placement prevents
reflux around the tube at the cardia. Pharyngeal isri-
tation and edema will be minimized with smaller
gauge tubes. Comrect placement of smaller NG
tubes, those that canno! be palpated in the esopha-
gus readily, can be confirmed with radiographs.

CRITERIA FOR INTERVENTION

Orphaned foals require hand rearing, with feeding
and socialization activities being assumed by a
human caretaker. Other foals requiring intervention
include premature foals and foals with systemic ill-
nesses, such as sepsis, hypoxemia, and enterocolitis,
that preclude them from normal nursing behavior. In
addition, hypogalactia, or inadequate milk produc-
tion by the mare, is ancther criterion for interven-
tion. Grafting foals onto nurse mares, if available, is
the ideal management solution for orphan foals.
Grafting can be facilitated by sedating thc mare,
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placing the mare’s piacental membranes (if avail-
able) or urine on the orphan. restraining the mare in
stocks or chutes, and using aromatic decongestants
on the mare’s nostrils, Close observation of the pair
is essential until the mare accepts the foal.

Foals with adequate nutrition will be active and
playful, and gain weight daily. Those with inade-
guate intakes will often show milk staining of the
muzzle and face, due to the dripping of milk from a
nonnursed, full udder. Mares with low milk produc-
tion will have foals that nurse incessantly due to
hunger,

Other early warning flags for intervention include
pre-, intra-, and postpartum abnormalities of the
dam or foal of any type. Resultant foals should be
considered “high-risk’ foals in terms of their poten-
tial to develop sepsis or hypoxic encephalopathy.
These early indicators include historical informa-
tion regarding the dam during pregnancy and partu-
rition. A history of systemic illness in the dam.
premature lactation (often an indicator of placentitis
of placenial separation}, or dystocia warrants close
examination of the neonate along with proactive
antibiotic administration. Prematwre placental sepa-
ration (“red bag”) and mecenium staining of the
foal are also examples of high-risk criteria. Delays
in rising or nursing are also indications for imter-
vention.

ASSESSMENT OF THE NEONATE

Postpartum evaluation of a neonatal foal sheuld
include taking vita! signs and monitoring behavioral
responses. Immediately postfoaling, the foal should
have a heart rate greater than 60 bpm, respiratory
rate greater than 60 for the first 30 minutes, then the
rate should be down to 30-40 bpm. It should be sit-
ting sternal and respond to nasal sumulation with a
cough or sneeze. Body temperature of the neonatal
foal is normally 99-101.8°F (37.2-38.8°C). The
foal should rise and nurse within one and two hours
of birth, respectively. Subsequent to this, the foal
should be nursing four to seven times per hour.
Passage of meconium should occur within three
hours of birth, otherwise one to two Fleel enemas
may be gently administered (maximum of two in
order to aveid hyperphosphatemia). If constipation
is unresolved, soapy water or acetylcysteine reten-
tion enemas should be administered. Mean time to
first urination is 8.5 hours. Constant straining to wri-
nate may indicate asphyxiated-bladder syndrome or
ruptured bladder. Evaluation of relative gestational
maturity should be done, Premature foals and foals
that are small for gestational age should have their

cuboidal bones (carpal and tarsal) radiographed to
evaluate for degree of ossification.

The umbilicus sheuld be evalvated for size,
patency, and infection. Dipping the umbilicys in 1:4
chlorhexidine (Noivasan)} solution:water should be
performed immediately postfoaling, and then every
6—12 hours for 48 hours. Tincture of iodine solu-
tions should not be utilized, as they may increase
the risk of infection and complications such as
patent urachus.

The foal should be weighed daily and its hydra-
tion status monitored. Blood should be drawn for a
complete blood count. serum chemistry profile,
blond glucose, and blood gas for any foal deemed
“high-risk.” Tetanus antitoxin {1500 wnits) should
be administered subcutangously to the foal if the
mare was not boostered with a toxoeid in the last four
to eight weeks of gestation. A selenium/vitamin E
injection (I mg of selenium per 100 1b body weight
IM) should be administered te foals in geographic
areas potentially deficient in selenium, as well as to
foals having been subjected to hypoxic injury. Oral
vitamin E (200 1U daily) should be administered in
regions known to be deficient in vitamin E and sele-
nium.

INITIAL CARE/STABILIZATION

Hypothermia, hypoglycemia, dehydration, and bac-
teremia (translocation from gut) are the immediate
concerns for an orphaned or high-risk neonatal
foal. The foal should be kept in a clean, dry. well-
ventilated environment, with heating pads or heat
lamps available. Hypoglycemia and dehydration
can be addressed or avoided through the provision
of colostrum or milk administered via bottle, pan, or
nasogastric (NG) tube. Feeding through a NG tube
should be performed if the foal is weak or at risk of
aspiration. Hypoglycemia or dehydration should be
treated with 5~ 10% dextrose in a crystatleid such as
lactated Ringer’s solution or physiojogic saline.
Bacteremia can be minimized or prevented through
the early use of broad-spectrum antimicrobials such
as amikacin or gentamicin and penicillin, ceftiofur,
or third-generation cephalosporin, Renal function
should be monitored in foals receiving aminoglyco-
side antibiotics, such as amikacin or gentatnicin.

FORMULAS, SUPPLEMENTS, AND DAILY
CALORIC REQUIREMENTS

Foals can be successfully raised on a variety of for-
mulas. The immediate goal should be directed at
provision of passive transfer in the foal that is less
than 24 hours of age. The gastrointestinal (GI) tract
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of the newborn foal is capable of macromolecular
absorption, in order to allow for uptake of intact
immunoglobulins. The newborn foal is devoid of
IgG. Early administration of colostrum is recom-
mended to allow for early gut maturation and clo-
sure, in order to minimize uptake of bacterial agents
by the GI epithelium. For orphaned foals, banked
colostrum (frozen for less than one year) should be
used. Colostrum with an adequate concentration of
immunoglobulins {greater than 6 g/d1) should have
a specific gravity of 1.06 or greater. Alternatives to
mare c¢olostrum include bovine or caprine
colostrum, plasma administered orally, or colostral
substitutes (commercial concentrated immunoglob-
ulin products such as Seramune |Sera}), althcugh
these have disadvantages of reduced specificity
for equine pathogens, immunoglobulins with
shorter half-lives, and reduced concentrations of
immunoglobulin, One to 1.5 liters of colostrum
should be administered by feeding 8 oz hoorly for
the first six to ten hours.

Once the provision of passive transfer has been
ensured the foal can be fed a variety of formulas,
including mare's milk if avaifable. If equine milk is
unavailable, I prefer to use a 50:50 mixture of
mare’s milk replacer and goat milk. Foals have been
raised successfully on goat milk alone, however this
may lead to metabolic acidosis and constipation.
Milk replacer, on the other hand, can lead to loose
stool or diarrhea. In addition, goat milk enhances
palatability. A variety of milk replacers is available,
Some of them are listed here.

1. Foal-Lac (PetAg)
2. Mare’s Maitch (Land O Lakes)
3. Acidified cold ad libitum formula (Buckeye
Mare's Milk Plus)
4. Homemade formulas {Madigan 1997):
a. 24 oz cow milk
12 oz saturated lime water
4 tsp dextrose (not table sugar)
b. 4 oz evaporated milk
4 0z warm water
1 1sp white corn syrup
c. 8 0z 2% cow milk
1 tsp white comn syrup

The milk substitute should closely approximate
mare’s milk: approximately 0.5 kcal/ml as fed, 22%
crude protein {(dry matter), 15% crude fat (dm), less
than 0.5% crude fiber (dm), and 11% total solids (as
fed). Mare’s milk has less fat, slightly less protein,
and more carbohydrate than do cow’s or goat’s milk,

Ensure that milk substitutes are mixed according
to directions, and are not either oo dilute or con-
centrated, Temperature of the formula is important
1o ensure acceptance, especially when first intro-
ducing it to the foal. Avoid overheating the formula.
Battles, nipples, and buckets should be cieaned, dis-
infecled, and dried after each use, and uneaten for-
mula should be discarded. Unheated formula should
be reftigerated and discarded after 24 hours.

Orphan foals can be bottle or bucket/pan fed. 1
prefer the latter, as there is less risk of aspiration.
This method aids in disassociating feeding from the
handler, which is advantageous from a behavioral
standpoint. If the foal is bottle fed, a lamb nipple
should be used. The hole should not be large enough
to allew milk to spontaneously run from the nipple;
rather, the foal shoulid have to suckie in order to
release the milk,

NURSING TECHNIQUES

Healthy neonatal foals require little nursing care
other than frequent feeding and a clean environ-
ment, Most newborns will accept a bottle readily,
however foals that have been nursing their dams
will take longer to suckle from a bottle, Pan feeding
of orphans is a safer method of feeding, but may
take Jonger for the foal to accept. Teaching a foal io
feed from a bucket or pan requires persistence. The
foal should not be fed for two to four hours, and
then its muzzte can be plunged into the pan of milk
by the handler. This will encourage a suckle and
subsequent drinking. This must be repeated every
one to two hours until the foal begins drinking. If
bottles are to be used, lamb nipples or NUK human
nipples (Gerber) will mimic the shape of a mare's
nipple. The hole in the nipple should be of a suffi-
ciently small size that milk does not stream out.

Foals that are recumbent due to prematurity, sep-
sis, or hypoxic encephalopathy will require an
extensive amourt of nursing care. They must be
kept clean and dry, in a well-ventilated but warm
environment, Mattresses, blankets, and fleeces work
well, along with diaper-padding to absorb urine,
The foal should be turned every one to two hours to
prevent the development of decubital ulcers. The
eyes should be monitored for cormeal ulceration and
be well lubricated with artificial tears. Urine and
fecal output should be monitored. Recumbent foals,
especially those with hypoxic insult, may require
urinary catheterization because of an inability to
urinate, Limbs should be passively flexed and
extended as part of physical therapy.
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TUBE FEEDING

Some foals have reduced mentation or weakness
and cannot suckle. These foals require frequent
feeding of small volumes. They should be moni-
tored for gastric reflux prior to feeding. Foals
should be in sternal recumbency, with their heads in
an upright position, or standing when tube fed, in
order to prevent reflux. See above for lypes of naso-
gastric tubes and radiographic confirmation of
placement. The tube is held in place with sutures at
the nares. Many of the smaller tubes are more read-
ily swallowed and placed if a wire stilet is used. The
wire should be well lubricated prior to insertion into
the tube to allow for removal. Large tubes should be
left in the distal esophagus, whilc smaller tubes are
advanced into the stomach. Small diameter
polyurethane tubes are ideal for long-term use. If
more than 60 ml of reflux is obtained, food should
be withheld for that period. If reflux continues for
more than a few hours, parcnteral nuirition should
be implemented.

FREQUENCY OF FEEDING

Newborn foals should be fed every two hours. The
trequency can be decreased to every four hours after
five duys of age, and then gradually down to every
six hours by ten days of age in healthy foals. As the
frequency of feedings is decreased, the velume of
each meal is increased, in order to obtain the desircd
daily intake.

AMOUNTS TO FEED

A normal. healthy foal will ingest 20-28% of its
body weighi per day in milk. The energy require-
ment for foals is 120-150 kcal/kg/day. In order to
avoid complications associated with milk substi-
tutes, including enteritis, reflux, ileus. and disten-
tion. the amount fed should be between 10 and 15%
of the body weight per day initially. Weak or sick
foals should be fed 8-10% of their body weight on
day one, and this can be gradually increased (see
Table 4.1).

The minimum mainienance caloric needs for
maintenance of body weight are 50-60 kcal/kg/day,
and would be met by 10% of a foal's body weight.
Foals not tolerating enteral nutrition due to prema-
tunity or hypoxic/ischemic injury to the gastroin-
testinal tract, or those with ileus should be placed on
tota] parenteral rutrition, However, a small amount
of oral intake is critical to normal intestinal devel-
opment. Enterocytes derive growth factors and

Table 4.1. Amount to Feed Weak or Sick Foals
Age (days)

% of body weight per day

i B-10

2 12
35 15
6-8 18
9-11 20
12-14 20-25

nutrition from enteral nutrients, Therefore, such
foals should be fed small volumes (50-60 ml every
two hours) for this reason. Total parenteral nutrition
consists of a provision of all nutritional require-
ments through an intravencus formula consisting of
dextrose, amino acids, lipids, electrolytes, vitamins,
and minerals.

Once foals are a few days old, they may develop
interest in solid feeds. Fresh leafy alfalfa, grass, and
grain should be offered. In addition, Foal Lac pellets
can be provided free choice. Fresh water should be
made availabie, but the foal shouid not be allowed
to drink large quantities in place of milk. Orphan
foals should be allowed access to fresh feces from a
healthy adult horse, as coprophagia is a normal
behavioral activity allowing for inoculation of gas-
trointestinal flora.

EXPECTED WEIGHT GAIN

Accurate daily weighing is very important. Foals of
light breeds (Thoroughbred, Quarter Horse,
Warmblood) should gain 1-1.5 kg per day. Draft
foais should gain 1.4-i.5 kgiday. In one study,
Thoroughbred foals gained an average of 11( kg
during the first three months and 75 kg during the
second three months of life.

HOUSING

Orphaned fouls are ideally housed in a draft-free,
weli-bedded, and warm environment. Ventilation
should be adequate te prevent respiratory problems.
Deep straw bedding or shavings (if older than one
day of age} are suitablc bedding materials, Heat
lamps can be provided in one comer of the stall,
should the ambient temperature drop below 39°F
(15°C). As noted above, the foal should have access
to hay, creep feed, milk-substitute peilets, water,
and fresh feces from an adult animal,
Companionship can be provided with another foal,
a goat, or an older, gentle pony. This will allow for
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socialization of the foal, in erder to prevent undesir-
able aggressive behavior from develeping toward
the handler. Once the foal has adjusted to the milk-
substitute diet, it should be allowed free exercise by
daily turnout into a pasture or paddock.

IMMUNE STATUS AND SPECIAL NEEDS

Foals are compietely dependent on colostrum as an
immunoglobulin source, because of the epitheliocho-
rial nature of the mare’s placenta. Every effort should
be made 10 provide the foal with 1-1.5 liters of high
quality (specific gravity greater than 1.060) colostrum
over the first four to eight hours. Colostrum alse pro-
vides for lactofernin, complement, and lysozyme, and
helps to regulate cell-mediated immunity, activates
polymorphonuclear leukocytes, and may decrease
intestinal colonization by infectious agents. Tt also
promotes intestinal maturation and “closure” of
intestinal absorption of macromolecules. Early
administration is thus key to minimizing the opportu-
nity for bacteria to gain systemic access. Aliernatives
to mare colostrum include bovine or caprine
colostrum (4 liters over 20—24 hours), or colostrum
substitutes, but are not ideal. Oral plasma may be uti-
lized. If the foal is over 16-24 hours, then 1-2 liters of
eguine plasma should be administered intravencusly,
as the gastrointestinal uptake of intact immunoglobu-
lins occurs decrementally over the first 24 hours.
Anywhere from 8 to 24 hours after the administration
of colostrum or an altemnative, the foal’s immuno-
globulin status should be addressed. Passive immuni-
ty status can be evaluated through commercial
immunoassays (SNAP Foal IgG Test-—IDEXX), zinc
sulfate turbidity tests, as weli as radial immunodiffu-
sion technigues. Plasma should be administered if the
concentration of immunoglobulins is less than 80O
mg/dl. Orphan foals are considered at high risk for
sepsis, especially if they did not receive colostrum.
Any such foal should be administered broad spegtrum
antibiotics such as ceftiofur or & combination of peni-
cillin and gentamnicin or amikacin prophylactically for
the first three days of life.

TIME TO WEANING

Foals can be weaned from milk replacers when two
to four months old, depending on the amount of
solid feed being ingested. Milk replacer pellets
(Foal-Lac) should be offered.

TIPS FOR WEANING FROM FORMULA TO
SOLID FOOD

Alfaifa hay, grass, grain, or a complete pelleted foal
diet, and mitk replacer pellets should be made avail-

able 1o the foal during the first few days of life.
Access to fresh feces from an adult horse will
encourage coprophagia and inoculation of gastroin-
testinal microflora, Grazing may be imitated from
other horses or a companion goat.

COMMON MEDICAL PROBLEMS

Gastrointestinal problems such as diarrhea, consti-
pation, ileus, gastric reflux, and pas distention are
common with milk substitutes or replacers. Foals
with a systemic inflammatory response syndrome
such as sepsis, or those with hypoxic injury (part of
“neonatal maladjustment syndrome™), may have
ileus manifested as reflux, mild colic, and bloat.
These foals should be treated by temporary discon-
tinuation of oral feeding.

If intolerance of enteral feeding is persistent
{more than four to six hours), then parenteral nuiri-
tion at a veterinary clinic should be instituted,

Diarrhea may result from milk replacers as well
as enteritis associated with pathogens, including
Clostridium perfringens, C. difficile, Rotavirus,
Cryptosporidium, Corona virus, Salmonella, and
Strongyloides westeri. Clostridial enteritis should be
treated with metronidazole (10 mg/kg PO BID-
TID). These cases are marked by gas distention,
colic, and diarthea ranging from loose 10 hemor-
rhagic and watery. Foals less than five days of age
are most susceptible. The other forms of enteritis
are treated with supportive care, intravencus fluid
therapy, and antibiotics to prevent bacteremia.
Enterocolitis should be suspected if the foal is
febrile and colicky, and develops leukopenia,

Diarrhea caused by milk replacers does not lead
to tever, severe colic, or changes in the CBC. Loose
stool is often the result of lactose intolerance or
overfeeding. If this is the case, the amount fed
should be reduced to 10-15% of body weight per
day, with very gradual reintroduction of the desired
volume. Lactase enzyme (Lactaid—McNeil; or
Lac-Dose—Rugby), 6000 units PO, every three to
four hours, may be administered along with the milk
feedings. Keep in mind that even orphaned foals
will develop “foal heat” diarthea at six to ten days
of age. The term “foal heat” is a misnomer, as the
diarrhea is currently believed to occur as a result of
flora changes associated with ingestion of feedstuffs
from the environment. These foals remuin bright
and alen, and require no therapy.

Constipation may resull fromn persistent meconi-
um impactions, dehydration, picg, or goat milk.
This can be treated by adding mineral oil (50-100
cc twice a day) to the formula until the constipation
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resolves. Pica can lead 10 severe impactions and
colic, and thus the foal should be monitored closely
for excessive ingestion of feedstuffs or bedding dur-
ing the first few days of life. If goat milk is causing
constipation it should be replaced in part by milk
replacer. Meconium impactions may be treated with
Fleet or soapy water enemas. These should not be
used more than two times each, as Fleet enemas can
lead to hyperphosphatemia, and water enemas may
lead te hyponatremia. If the impaction persists,
saline can be used in place of water. Acetylcysteine
enemas are very effective at resolving meconium
impactions. A solution of 4% acetylcysteine in
water (40 m! of the 20% Mucomyst solation to 160
ml of water) is administered as a retention enema
with a 30 French Foley catheter (Sherwood). A total
of 120-240 ml (4-8 oz) is used and is maintained
for 40 to 60 minutes using the 30-cc balloon on the
end of the Foley catheter while the foal is sedated.

Another common medical problem of foals is
septicemia. The hallmarks include scleral injection,
mucous Mmemhrane hemorrhages, obtundation,
dehydration, anorexia, increased heart rate, fever or
hypothermia, respiratory distress, diarrhea. and
enlarged joints. Sepsis should be treated as a med-
ical emergency under the care of a veterinarian.
Broad spectmum antibiotics and supportive care are
the mainstays of therapy.

Hypoxic-ischemic encephalopathy (HIE), also
known as “neonatal maladjustment syndrome,” is an
ill-defined neurological disorder of newboms mani-
fested by a number of neurological signs. The cause
is believed 10 be at least in part due to hypoxic injury
to the central nervous system prepartum, during par-
turition, or postpartum. Chnical signs include wan-
dering, seizures, abnormal vocalizations, lethargy,
loss of affinity for the dam or handler, and virtually
any other neurological sign. These foals should akso
be treated aggressively and promptly. Treatment
includes the use of mannitol. vitamin E, and intensive
care incloding oxygen, IV fluids, antibiotics, and
pressure support. The prognosis for retum 0 normal
neusological function is good with appropriate med-
ical care.

Other disorders that the neonate shouid be moni-
tored for include uroperiteneum and neonatal iso-
erythrelysis. Uroperitoneurn is usually the result of
a ruptured bladder, but can also occur secondary o
urachal, ureteral, or renal rents. The clinical signs
associated with vroperitoneum tnciude abdominal
distention, lethargy, anorexia, and repeated stran-
guria. Neonatal iscerythrolysis is an alloimmune
hemolytic anemia caused by anti-RBC antibodies in

the cofostrum. This is treated with blood transfu-
sions (washed dam’s red blood cells are ideal), oxy-
gen therapy, and IV fluid therapy. Clinical signs
include jaundice, tachypnea, tachycardia, pallor,
and lethargy.

SOURCES OF PRODUCTS MENTIONED
Baxter Healthcare Corp.. Deerficid, IL 60015
Buckeye Feeds, Dalton, OH; 1-800-321-0412

Gerber Products Company, c¢/o Consumer
Affairs, 445 State Street, Fremont, MI 49413-
0001; 1-800-443-7237; www.gerber.com

IDEXX Corp.. Westbrook, ME 04092

Land ('Lakes. Webster City, IA; 1-800-328-
4155

McNeil Consumers Health Care, Ft. Washington,
PA: 1-800-522-8243 :

Mallinckrodt Medical, Inc., Mallinckrodt
Anesthesia Division, St. Louis, MO 63042

PetAg, 30 W. 432 Rt. 20, Elgen, [L 60120;
1-800-332-0877, 1-800-323-6878; www.petag.com

Professional Medical Products, Inc., Ocala, FL
32670

Ross Produocts Division, Abboit Laboratories,
Columbus, OH 43215-1724; 1-800-986-8510;
www.abbott.com, www.ross.com

Rugby Laboratories, Inc. Norcross, GA 30071

Sera, Inc., Shawnee Mission, KS; 1-913-541-
1307

Sherwood Medical, St. Louis, MO 83103;
obtained from Kendall Corp., 1-800-962-9888
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Pigs

Janet Fine and Rebecca Duerr

NATURAL HISTORY

The term “pig” encompasses a wide range of
species, from domestic farm breeds and potbellied
pigs to wild Red River hogs and peccaries.
However, all of these animals bear enough similari-
ties that using the potbellied pig and farm pigs as
models, as we will here, is appropriate (see Fig.
5.1).

Pigs are artiodactyls (even number of toes)
belonging to the taxonomic group Suina. This
includes the families Suidae (pigs and warthogs),
Tayassuidae (peccaries), and Hippopatamidae (hip-
popotami). The European wild swine is ¢lassified as
Sus scrafa, the Southeast Asian wild swine as Sus
vittatus. North American feral pigs are a mix of
European wild boar and domestic farm pig genes. In
California, feral piglets may show the brown and
yellow striping of the wild boar and the white or
spotted markings of the farm pig within the same lit-
ter. Pigs are characterized by a simple stomach,
omniverous diet, and relatively unspecialized teeth.
They give birth to litlers of varying size. and the
young are quite precocial; some will literally hit the
ground running when born. Farm pigs are born at
one Ie two kilograms (2—4 pounds). North American
feral piglets have been hand raised with great suc-
cess to become tame pets.

EQUIPMENT

Pigs will usually suckle from a bottle readily, and
nipples designed for calves or sheep wark well. Any
smail soft nippie, including human infant nipples
(0-3-month) may be used with success. We prefer to
use Pritchard flutter valve nipples. which are wide-
ly available at livestock feed stores and lambing
supply companies. These are small red nipples with
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a bal! bearing inside, and are designed to fit over a
soda bottle or other similarly sized bottle top. As for
any baby mammal, one needs to have a8 method of
heating formula, such as a microwave or hot-water
bath, and appropriate containers and a whisk for
mixing powdered milk replacers.

CRITERIA FOR INTERVENTION

As pigs may have large litters, there is often a runt
that is smaller and weaker than its siblings. Piglets
are often very possessive of the particular nipple
they suckle from, and thus the runt may not be able
io get enough suckling time. Any piglet who
appears unable to compete with its siblings. or who
is lethargic and unable to keep up should be offered
supplemental feedings. The decision of whether o
pull the baby completely from the group or to mere-
ly separate it a few times a day for a feeding will be
based on the sitvation at hand.

ASSESSMENT OF THE NEONATE

Each new piglet should receive a complete medical
examination upon admission. Piglets presented as
orphans from a wild situation may be severely dehy-
drated, emaciated, injured, or heavily parasitized.
Upon intake, these animais should be rehydrated
with subcutaneous fluids such as lactated Ringer's
solution at 100 ml/kg/day. Subcutaneous drips work
well for debilitated, immobile piglets. Pedialyte
(Ross) or similar oral rehydration fluid should be
offered as well. Wild-rescued piglets should be
treated with a puppy or kitten flea and tick powder
or spray. Wild pigs may carry ticks that transmit
Lyme disease, so any ticks should be removed
promptly. Pigs do not generally have fleas, but may
be infested with lice and mites (mange). Fly eggs
should be removed promptly, and may be found in
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Figure 5.1. Two young pot-
bellied pigs.

the mouth, nose, ears, anogenital region, around the
eyes, or elsewhere. Fine-toothed combs may be of
assistance when removing external parasites,
Deworming medication such as fenbendazole
should be administered, as determined by the vet-
erinarian. Adequate ventilation is important when
treating any baby animal with pesticides, especially
if the infant is depressed.

INITIAL CARE

Baby pigs should be kept warm but not too hot.
They will display shivering when too cold or pant-
ing when oo hot. Pigs do not often display sensitiv-
ity 1o humidity. Small newbomns may be kept in a
O°F (32°C) brooder for the first few days, then
moved to larger housing. Heat lamps or hot pads
may be used, but the animals should have an unheat-
ed area of the container available, as pigs are prone
to hyperthermia.

Oral hydration with Pedialyte or other rehydra-
tion fluids should continve until the baby is well
hydrated and urine is normal. This may be unneces-
sary in piglets that are pulled from a litter at the first
sign of trouble, or may need to last 24 hours or more
in a wild-rescued or debilitated animal.

Some babies will present with smelly, loose
stools, and this may be treated with Biosol (Upjohn)
at 1 tsp/100 b (0.11 mVkg). Biosol is a neomycin
sulfate antibiotic for treating E. coli-related intesti-
nal difficulties.

FORMULAS AND SUPPLEMENTS

My first choice for milk replacement in pigs is
LitterMilk, a powdered pig milk product made by

Land O’ Lakes. This formula, however, is manufac-
tured with oxytetracycline and necmycin added, so
may not be appropriate in some circumstances.
Another excellent formula for piglets is Just Born
Milk Replacer for Puppies (Farnam), which is avail-
able through many pet supply companies. Goat's
milk has also been used with success, and I prefer to
use canned or powdered goat's milk for conve-
nience.

Pigs do not usually require supplementary vita-
mins or minerals. Occasionally, a piglet will be ane-

- mic and will be prescribed iron supplements. Also,

a weak lethargic piglet down on its knees may be
deficient in selenium, This may be corrected with
the administration of Ba-Se (Schering-Plough).

FEEDING

Once the piglet is well hydrated, it may be started
on milk replacement formula at 3.5-5% body
weight (1 m) per oz [30 g] body weight) delivered
via hottle with nipple (Fig. 5.2). Piglets should be
encouraged to accept feeding from a pan as soon as
possible. Many farm pig breeds will take to pan
feeding very quickly, but potbetlied pigs will often
not accept pan feeding until a few weeks of age.
Newboms should be fed every two hours, with the
feed interval lengthening to four hours by the time
the piglet is two to three weeks old. Also, by ten
days to two weeks of age, the middle of the night
feedings may be skipped, and the baby is fine to fast
six to eight hours while resting.

Tube feeding is not recommended for piglets,
Their throats are very small and the animals always
fight a tremendous amount. Tube feeding pigs,
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Figure 5.2. Botlle-feeding a
wild piglet {photo courtesy of
Teri Furey).

unlike many other mammals, can be a nightmare for
all concerned. Piglets that will not take formula
from a bottle or pan should be examined for con-
genital defects of the mouth. It is recommended that
babies with cleft palate be euthanized if they are
unable 10 suckle, due to the difficulties involved
with tube feeding,

EXPECTED WEIGHT GAIN

Piglets in good condition should look rounded
rather than sunken in the belly, and be vigorous and
frisky in demeanor. Pigs bomn at 1 kg may gain up to
4 kg in the first three weeks of life. It can be quite a
challenge to get healthy piglets to hold still long
enough to obtain an accurate weight; hence, visual
and tactile estimatés of progress may be the best
choice. Holding the piglet and weighing oneseif
may be the most effective way of getting a reason-
ably accurate weight reguiarly.

HOUSING

Newborns may be housed in a ten-gallon 90°F
(32°C) brooder if they are small, weuk, and immo-
bile. The temperature and the animal’s condition
should be closely monitored to avoid overheating.
Small active piglets may be housed in human
children’s playpens, with a selection of bedding,
such as clean towels, in one area. A soft fuzzy blan-
ket will allow the baby to adjust its temperature by
burrowing into the blanket as it wishes,
Supplemental heat may be supplied to the playpen
in the form of a heat lamp or heating pads. and
again, the piglets must be able to move away from

the heat source, The playpen should be placed out of
drafty areas. By the time the piglets are over one
month of age, they usually do not require supple-
mental heat unless they are being housed in an
unheated structure in more extreme climates.
Nighttime heat sources may be necessary in some
locales.

TIPS FOR WEANING

Farm pig breeds usually take to drinking formula
from a pan quite easily, while potbellied pigs often
will become amenable to pan feeding after they are
a few weeks old, The main disadvantage to pan
feeding is less control over the amount fed, espe-
cially if using a group feeding dish. Successfuily
switching the pigiets onto pan feeding makes wean-
ing much easier, however, as one can begin intro-
ducing solid foods directly to the formula in the pan.
Solid foods may be introduced as early as two
weeks, however, even if the piglet is eating a signif-
icant amount of solid food on its own, formula feed-
ing should continue as scheduled until the animal is
six to eight weeks old. Solid foods to offer include
vegetables and a quality commercial baby pig
starter. initially offered soaked in formula. Brands
that do not include alfalfa are preferred. Fruit has
been known to cause diarrhea, so should be offered
in limited quantities. If a piglet is resistant to pan
feeding, weaning may begin by introducing human
baby rice cereal into the formula in the bottle, then
thickening it with more rice cereal to feed with a
spoon. Once the animal is eating formuia from a
spoon. one may gradually switch to a handheld



bowl, then place the bowl on the ground, and final-
ly phase into offering pig chow from a pan. Clean
fresh water must be available to pigs of all ages at
all times.

COMMON MEDICAL PROBLEMS

Pigs are subject 10 the usual maladies of newborn
mammals such as diarthea and constipation,
Dehydration should be dealt with as discussed in
Initial Care above, and this will usually resolve con-
stipation. Farm pigs. especially Yorkshires, display
a number of inbreeding-related penetic problems.
Cleft palate is encountered in many breeds of pig,
and euthanasia is recommended if the piglet is
unable to suckle. Some piglets are born with heart
defects and/or liver shunts, an abnormality of the
hepatic vasculature that allows blood to bypass the
liver. Infections with the bacterium Erysipelothrix
rhusiopathiae may also be a problem, and an affect-
ed animal may present with inappetence, high tem-
peratures, lethargy, and sloughing skin lesions. Pigs
over three months old and less than three years of
age are at greatest risk for erysipelas infections. Pigs
are vulnerable to many domestic livestock diseases
such as hoof and mouth disease. and the veterinari-
an should determine a vaccination schedule, as
determined by risk factors in the geographic area.

OTHER CONSIDERATIONS

Male piglets should be castrated quite young or
removed from the litter. as they may impregnate
their mothers at four to eight weeks of age. Altered
males are at risk for urinary calculi, which may
cause difficulties urinating or more serious block-
ages. Minimizing the feeding of alfalfa. either as
hay or as an ingredient in pelleted formulations,
may reduce this problem. 1t is rare for female pigs
to have this problem, but it does happen. Female
pigs should be spaved at 10-16 weeks. Females
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may become pregnant as early as four months of
age.

A veterinarian who has experience working with
pigs should regularly evaluate the health of the ani-
mals, perform any needed surgeries {e.g., alter-
ation), and provide a vaccinaiion schedule.
Castrating potbellied pigs may be probiematic i it
is done as if the potbellies were farm pigs. so a vet-
erinarian familiar with potbellied pigs is preferred.

FURTHER INFORMATION

The internet has a number of excellent resources for
pig-related infortnation. The Duchess Fund maintains
a site dedicated to the dissemination of information
on pig diseases, nutrition, behavior, and other topics,
This site is at www.duchessfund.org. The National
Committees on Potbeilied Pigs also bas an informa-
tive website at htp//www.ncopp.com, and posts
numerous full-text articles written by veterinarians or
state agricultural extension services on such topics as
brucellosis, erysipelas, and other health concerns.
The American Association of Swine Veterinarians
{AASV) has an abstract list on its website covering
pig livestock production, which includes citations to
many pig-related scientific publications. This site
may be found at http://www.aasp.org.

SOURCES OF PRODUCTS MENTIONED

Farnam Companies, Inc., Phoenix, AZ 85067-
4820; 1-800-234-2269; www.farnampet.com

Land O'Lakes, St. Paul, MN; 1-800-328-4155

Ross Produets Division, Abbott Laboratories.,
Columbus, OH 43215-1724; 1-800-986-8510:
www.abbott.com. www.ross.com

Schering-Plough Animal Health Corp.. Union,
NI 07083

Upjchn Pharmaceuticals, Kalamazoo, MI
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Goat Kids

Joan D. Rowe

NATURAL HISTORY

Goats are classified in the family Bovidae, subarder
Ruminantia, order Artiodactyla (Fig. 6.1). Goats are
divided into two genera: Capra (60 chromosomes)
and Hemitragus (tahr. with 48 chromosomes). The
genus Capra is divided into five species: C. ibex
(ibex), C. pyrenaica (Spanish ibex or Spanish wild
goat), C. caucasia (tur), C. falconeri {markhor}, and
€. hircus (bezoar or pasan). Domestic goat is C. hir-
cus aegagrus. The Rocky mountain goat is actually
a goatlike antelope, Oreamnos americanus.

Breeds of domestic goat commonly found in the
United States inchude those wsed for milk, meat,
fiber, and pleasure/companionship. Dairy (standard
size} breeds include Alpine, LaMancha, Nubian,
Oberhasli, Saanen, and Toggenburg. Meat
breeds/types include Boer, Kiko, and Spanish goats;
fiber breeds inclede Cashmere and Angora
(mohair). Miniature or dwarf breeds include Pygmy

{companion) and Nigerian Dwarf (milk). Many
breeds are used for companionship, packing, and
hamess/cart pulling.

Goats are extremely social and adapt well to
diverse husbandry situations. While goats do well
reared away from other goats, it is best, if possible,
to rear kids in groups of two or more. Liftermates
and kids reared together form bonds that last
throughout their life in the herd. The capricious
nature of goais makes them a pleasure to work with
and weli suited to families with children,

RECORD KEEPING

Kids should be examined for body condition, if pos-
sible, at birth, and for the presence of congenital
defects such as pseudohermaphroditism {intersex},
teat anomalies, cryptorchidism (retained testicles),
attesia ani, cleft palate, jaw defects, or congenital
goiter (thyroid enlargement). The placenta should

Figure 6.1. Kids playing in a
box.
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be examined at birth. Abnormal placental appear-
ance may be an indicator of in utero infection,

Normal body temperawre for a kid is
102-103.5°F (38.9-39.7°C). Rectal temperature
and fecal consistency should be monitored on weak
or otherwise high risk kids. Elevation of tempera-
ture above i03.5°F (39.7°C) would be cause for
concern. Recording voluntary feed intake, fecal
consistency and body weight on a routing basis will
aid in early detection of infection, digestive upsets,
or paor growth,

FORMULA

Goat kids are born without maternal transfer of
immunity, therefore colostrum is essential for the
passive transfer of antibodies to the kid. Colostrum,
the doe’s first milk, is rich in antibodies, energy, and
vitamins, and has a laxative effect. Kids should
receive adequate quantities (at least 40 ml/kg body-
weight [BW]) of high-quality colostrum within the
first few hours of life to assure adequate passive
transfer of immunoglobulins, Cow or goat
colostrum may be used for kids. Colostrum may be
frozen and stored for up to one vear. Heat-treating
colostrum for one hour at 131°F (55°C) will reduce
the risk of disease transmission to kids.

Goat kids may be raised on whole goat milk,
whole cow milk, or high-quality goat, calf, or lamb
milk replacers. Kids are generally fed from nipple
bottles or buckets with multiple nipples. Weaning is
recommended at twoe to three months of age. Dam-
raised kids raised for meat may be weaned at a later
age. Pasteurized goat’s milk or cow’s milk should
be fed for at Jeast the first two to four weeks of life.

Pastewrizing milk at 165°F (74°C) for 15 seconds
will prevent the transmission of milk-bome diseases
such as caprine arthritis-encephalitis virus and
mycoplasma infections. 1f milk replacers are used,
high-fat, low-lactose, high-protein, and low-fiber
milk replacers are preferred. High-lactose milk
replacers may cause digestive upsets. Mixing milk
replacers (one half reconstituted milk replacer, one
haif whole milk) seems to minimize problems asso-
ciated with milk replacers and increase their palata-
bility.

The amount to feed will vary, but many kids vol-
untarily consume a total daily milk intake of
10~15% body weight. Many kids are successfully
raised on twice-daily feedings, but three-time daily
feedings are preferred for the first month of life.
Weak or sick kids may require smaller but more fre-
quent feedings. Overfeeding may result in diarthea
or enteroloxemia,

Fresh water and free choice high-quality hay (for
example, alfalfa) should be available by at least two
weeks of age. A 16-186 protein kid or calf starter
grain also should be made available according to
manufacturer’s directions. Further information on
kid nutrition and management is available else-
where {Smith and Sherman 1994).

NURSING TECHNIQUES

A sucking reflex may be stimulated by stroking the
kid's face between the eye and the muzzle (Fig.
6.2). Weak or reluctant kids may also respond with
nursing behavior to the warmth of a human cheek
placed against their face and nose during attempts to
bottle feed kids. Be sure that the colostrum is warm

Figure 6.2. Bottle-feeding kid
with latex nipple and soda bot-
tle. Note paper collar for tempo-
rary igentification.
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throughout attempts at feeding, and the kids are
warm and dry when being fed. Many inexperienced
feeders give up trying 1o bottle feed kids if the kid
fails to suckle readily in a short timne. Patient extend-
ed efforts to encourage nursing at the first feeding
often preclude the need for tube feeding and reduce
the time needed to train kids to bottle-feed.

Soft latex or rubber lamb nipples are available
from many suppliers (see Sources of Products
Mentioned at the end of this chapter). For weak or
small kids, I prefer the smaller nipples with a non-
reiurn valve. Lamb nipples aftach to standard soda
of water bottles. Firmer rubber nipples are useful for
oider kids; group feeding systems for up 1o ten kids
from a single bucket are available. All feeding
equipment should be sanitized between feedings to
reduce the incidence of diarrhea. Self-feeding sys-
tems can be devised with a nipple, tubing, and buck-
et or reservoir, but care must be taken to avoid
spoilage of milk.

TUBE FEEDING

Weak kids that fail to suckle within the first few
hours of life may by given colostrum by using an 18
French soft rubber catheter as a stomach tube and
the barrel of a 60-ml catheter-tip syringe as a reser-
voir for gravity flow. (These are available as a com-
plete kit from goat supply houses.) The tube is
measured and marked to a point from the mouth to
just behind the kid’s last rib; the tube is passed gen-
tly down the esophagus to that point. The tube
should be palpable beside (i.e., not within) the tra-
chea if it is properly positioped. Care should be
taken not to overfill the stomach of a newborn kid.

Extra time spent to stimulate the suckle reflex of a
weak kid often eliminates the need for tube feeding.

EXPECTED WEIGHT GAIN

Breed, litter size, gestation length, and gender of kid
affect body weight at birth. Expected weight gains
for kids varies by breed and management, but rou-
tine charting of weight allows the charting of a
growth curve, Kids not conforming to normal
growth curve may have inadequate nutrition or sub-
clinical parasitism or other disease.

HOUSING

Large cardboard boxes with clean bedding material
(e.g., straw) work well for hand rearing goat kids in
small groups through the first two weeks of life
(Fig. 6.3). They provide a clean, draft-free environ-
ment with enough confinement to minimize loss of
body heat. Heat lamps may be used for supplemen-
tal heat, but care must be taken not to overheas the
kid. It is desirable to place heat lamps on one side of
an enclosure to allow the kid a cheice of whether to
use supplemental heat. Disposable boxes are a use-
ful means of preventing buildep and spread of
enteric pathogens. Kids can be kept in these boxes
for about two weeks (past the time of greatest sus-
ceptibility to infectious neonatal diartheas), after
which the box may be destroyed and kids moved to
targer and more permanent housing.

Temporary outdoor housing for young kids may
be constructed from portable wire panels. An 8-ft by
[6-ft (2.4-m by 4.8-m) enclosure can be easily con-
structed from three of these 16-ft hog panels. A
large portable dog kennel can serve as temporary

Figure 6.3. Cardboard hoxes
provide clean comfortable hous-
ing for neonatal kids. Heat lamp
may be used for additional
warmth,
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shelter/sleeping area within the enclosure. Basic
housing needs are minimal. Care should be taken to
protect kids from predators. Higher (60 in or 152
cm) panels are recommended if dogs and other
predators are a concern. Kids will play on boxes,
tables, or spools provided for them to jump on,

In herds where kids are dam reared, the doe and
kids must have access 1o draft-free shelter from envi-
ronmerttal extremes 1o minimize risk of hypothermia,
heat stress, or preumonia. Young kids naturally seek
out pratected “hiding” places where they spend many
hours sleeping away from their dam, with the dam
returning to nurse her kids for brief periods. Herd
owners may provide small boxes in pastures for kids
10 use. Restricting does to a smalt pasture or paddock
during kidding and for a few days may be helpful in
assuring strong maternal bording.

Goats tend to jump in or on equipment Jocated
inside their pens. Avoiding fecal contamination of
feed and water by having containers and feeders
located on the outside of the pen or by utilizing
feeding equipment designed to decrease the ability
to climb on it will minimize exposure to coccidia
oocysts. Housing adult goats separately from kids
will also help to minimize risk of parasite and
pathogen exposure,

IMMUNE STATUS AND SPECIAL NEEDS
Colostral Anttbodies

As stated earlier, kids are dependent on colostrum
for the transfer of maternal antibodies. Kids
deprived of colostrum are at much higher risk of
stccombing to opportunistic infections. In extreme
cases and where medically available, plasma traps-
fusion may be used to compensate for failure of
passive transfer of antibodies. Artificial colostrum
suppiements may provide some benefit, but are not
a replacement for adequate colostral intake.

Umbilical Cord

The navels of newbom kids should be inspected for
hemorrhage or hemiation, and the umbilical stump dis-
infected with tincture of iodine (2% or 7%) or
chlorhexidire (1:4 dilution of concentrate). Continued
treatment of navel for several days is preferred.

Tetanus Antitoxin (and Toxoid Vaccination)

Tetanus vaccination of does in late gestation is rec-
ommended to provide antibodies against tetanus in
colostrum. Kids not likely to have received adequate
colostral protection should receive 500 IU of tetanus
antitoxin before disbudding or castration. Kids

should receive a tetanus toxoid vaccination series
beginning at four weeks of age.

Disbudding

If disbudding, or removal of harns, is desired, kids
should be disbudded as soon as the horn bud can be
distinctly palpated, usually at five to seven days of
age. Swiss-breed kids may have palpable homn buds
at a few days of age, while Nubian kids may take up
to two weeks to develop distinctly palpable horn
buds. Identification of the characteristic swirls of
hair and visualization of the differentiated tissue of
the horn bud before disbudding will help to avoid
accidental “disbudding” of naturally polled (hom-
less) kids. Early disbudding of kids with a disbug-
ding iron is much less stressful and far more
humane than surgical removal of horns at a later
age.

Tattooing

Goats can be permanently identified early in life by
means of a tattoo applied in either the ears or the tail
web (in the small-eared LaMancha). Necessary
equipment and instructions are available from
Caprine Supply, Nasco, and the American Dairy
Goat Association (see below).

Castration

If males are not to be kept for breeding, it is recom-
mended that they be castrated before puberty
(development of odor and onset of sexual behavior},
which usually cccurs by five to seven months of
age. Castration within the first menth of life is less
stressful than later castration, but may be associated
with smaller urethral diameter and thus predispose
to urethral calevli,

TIPS FOR WEANING FROM FORMULA
TO SOLID FOOD

Although weaning schemes may call for weaning as
early as two months of age, domestic goats grow
well and achieve rapid growth when weaned at three
months of age. Delay of weaning beyond that time
is acceptable, but care should be taken to monitor
body condition for obesity if solids intake is high
and weaning occurs late.

If high-quatity alfalfa hay and a commercial starter
grain are available, milk can be gradually decreased
over a one- to two-week period. In a group rearing
situation, special care should be taken to ohserve and
record feed intake to assure that all kids in a group
have adequate feed intake, and smaller animals are
separated from a group if needed.
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COMMON MEDICAL PROBLEMS

In the first few days of life, kids are at greatest nisk of
hypothermia, hypoglycemia, and neonata! diarrheas.
Hypoglycemic kids may be treated with warmed oral
or intraperitoneal glucose solution. E. cofi infections
commonly occur in kids less than five days of age.
Cryptosporidiosis and floppy kid syndrome are most
commonly seen in kids from three to ten days of age.
Clinical signs of white muscle disease (selenium
deficiency), copper deficiency, Pasteurella haemoly:-
ica pneumonia, mycoplasmosis, and coccidiosis
frequently begin to occur at between two and four
weeks of age. Additional information on kid diseases
is available in Rowe and East (1997} or Smith and
Sherman (1994).

Coccidiosis is @ common protozoal disease caus-
ing poor growth rates, diarrhea, and, if severe, death
in kids over three weeks of age. Coccidiocidal sulfa
drugs (e.g., sulfadimethoxine) or cocciostatic feed
suppiements (e.g., deccoquinate or lasalocid) may
be used. in addition to management practices mini-
mizing fecal contamination of feed, to control coc-
cidiosis in kids.

All kids should be vaccinated for tetanus and
enterotoxemia {Clostridium perfringens Type C and
D: overeating disease). This is available as a combi-
nation vaccine and requires at least two initial doses
starting at one month of age followed by annual
boosters.

REINTRODUCTION TO THE HERD

This chapter addresses the needs of kids that will be
reintroduced into domestic herds after weaning. For
meat-and fiber-producing goats on range or where
hand rearing is otherwise not desired (for example,
if the goal is to reintroduce the kid to its dam after a
short period of medical care or supplemental feed-
ing), care must be taken to minimize human bond-
ing and allow the doe to maintain her maternal bond
to the kid. This can be done by housing the doe and
kid together in confinement, holding the kid up to
the teat of the doe to encourage nursing, and sup-
plementing the diet only as absolutely needed to
properly nourish the kid. A kid can easily become
dependent, prefer bottle-feeding, and fail to main-
tain bonds with its dam.

SOURCES OF PRODUCTS MENTIONED

Selected websites for information and/or goat sup-
plies include:

American Dairy Goat Association:
www.adga.org

Caprine Supply: www.caprinesupply.com,
Caprine Supply is a mail-order house for goat
supplies. Its website includes an online catalog
for supplies, articles on many aspects of goat
management, and links to a large number of
organizations for meat, dairy, and companion/
utility goat breeds and breeders.

Goat care practices; www.vetmed.ucdavis.edu/
vetext/INF-GO). Goat care practices 1ext

Nasco Supply: www.nascofa.com. Nasco Supply
is a mail-order house for general livestock and
farm supplies, including goat equipment.

National Goat Handbook:
www.inform.umd.edw/EdRes/Topic/ AgrEnv/ndd/
goat/

University of California at Irvine, 4-H Goat
Information website: www.ics.uci.edu/
~pazzani/4H/Goats
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South American Camelids

Robert J. Pollard and Susan D. Pollard

NATURAL HISTORY

The South American camelids we will discuss here
are the llama (Liama glama), alpaca (L. pacos). gua-
naco (L. guanicoe), and vicuna (Vicugna vicugna).
The birth weight of the llama is 6-18 kg, the alpaca
is 6-9 kg, the guanaco is 8-15 kg, and the vicuna is
4-6 kg,

Guanaco and vicuna are the wild relatives of the
domesticated ilama and alpaca. While intervention
with guanace and vicuna crias (Spanish for baby
animal) would be rare, it would follow the guide-
lines of a small alpaca cria {(Fig. 7.1).

The birth season may be year round for these ani-
mals. The time to weaning i four to six months.

RECORD KEEPING

Keep a daily log of body weight and milk supple-
ment intake.

EQUIPMENT

The following items should be on hand: human
baby bottles (8 oz/ 240 ml), artificial lambs’ nipples,
12-0z (360-ml) glass soda pop or heer bottle,
microwave or other method of heating milk, #18
French rubber catheter, 60-cc catheter-tip syringes,
scales accurate to 4 oz (125 g).

CRITERIA FOR INTERVENTION

It is necessary to hand rear orphan crias and 1o sup-
plement premature nonambulatory or rejected crias
as well as nursing crias that do not maintain an
adequaie weight gain. The dense fiber covering on
newbom llama and alpaca crias hides their body
condition very well so the only true assessment is
daily weighing.

)

INITIAL CARE AND STABILIZATION

Most crias are bom late in the morning to midafter-
noon as is typical in the Altiplano in the Andes.
Birth at other times is usuvally due to a malposition
dystocia or a compromised cria (infection or twist-
ed umbilical cord). Measures taken at birth should

Figure 7.1. White llara cria {photc by
Lindsay Merrill Leonard, Rainbow Ridge
Llama Ranch).
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include dipping the umbilical stump in 7% iodine,
Nolvasan solution (0.5%; Fort Dodge), or even 85%
isopropyl alcohol. Dipping several times is recom-
mended. Newborns may be hypothermic even on
warm days if the delivery is prolonged, so vigorous
rubbing with dry towels or drying with a human hot
air hair dryers may be used to “fluff” dry the wet
fiber. Body temperature should stay in the 99-101°F
{37.2-38.3°C) range.

Failure of passive immunoglobulins transfer
{FPT) becanse of insufficient colostrum may lead to
fatal septicemia. Causes may include the mother’s
poor immune status or premature birth, which may
not allow enough time for the mother 1o produce
sufficient amounts of colostrum. Weak. cold. or pre-
mature crias may fail to nurse enough colostrum in
the first 24 hours: which is the criucal tme when
IgGs can be absorbed across the gut lining,

Signs of a premature or dysmature (full term of
335-365 days but underdeveloped) birth included
unerupted lower central incisor, ears that fiop down
instead of the normal upright position when dry,
rubbery toenail slipper covering that fails to come
off easily. and the adherence of the epidermal mem-
brane to mucows membrane attachmenis at the lips,
anus, vulva, and prepuce.

Canses of premature births include maternal
stress (prolonged transport), being chased, high heat
index causing overheating, or lack of enough
micronutrients such as selenium,

Failure of passive immune transfer (FPT} is much
better understood now because of the large Nonth
American domestic population of llamas (143,145
reported by the International Liama Registry in
April 2001} and alpacas (32,195 reported by the
Alpaca Registry, Inc., in April 2001). The high mon-
etary value of these animals has led to maxirmum
effort in saving crias. Dr. Murray E. Fowler's book
Medicine and surgery of South American camelids
(1998) has a good review of early life-saving
options that include oral supplementation in the first
24 hours with good-quality colostrum from South
American camelids, goats, or cattle.

Testing for FPT used to depend on the cria having
a total serum protein level at 24 hours old of 4 g/dl
or greater. A total protein of less than 4 g/dl sug-
gested some degree of FPT and an increased risk of
infection in the next three weeks before the cria
becomes immune competent and starts producing
its own IgG.

Since 1991 a radial immunodiffusion (RID} test
plate has been available (Triple ] Farms) that allows

accurate measurement of camelid IgG levels. This
RID plate is now the goid siandard used by many
commercial veterinary diagnostic laboratories as
well as teaching hospitals at universities. Serum lev-
els above 800 mg/dl of IgG on the Triple J Farm
RID are considered well protected, levels of
400-800 mg/d\ are suspect, and any level below 400
mg/dl is considered as FPT with a high risk of infec-
tion in the first three weeks of life.

WHAT TO FEED INITIALLY

The intake goal in the first 24 hours is 10% of the
newborn cria’s weight of colostrum given in six to
eight small feedings. An example would be to feed
a 10 kg newborn cria 1000 ml of formula divided
into eight 125 ml feeds. Compared o true rumi-
nants, South American camelids have a small capac-
ity udder where normal healthy crias nurse 1-2 oz
(30-60 ml) every hour or so. This results in very
small production when the mother is hand milked
for colostrum {along with the challenge of very
small 0.5-in [1-cm] teats}. Supplies of colostrum
from local healthy goats is frequently collected
ahead of the need and frozen in 4-oz or 120-ml (one
feeding) containers. If less than a sufficient amount
of fresh or frozen colostrum is available, the balance
of the 10% body-weight goal is made up with goat’s
milk, cow’s milk, or commercial milk replacers.
Sheep colostrum is not recommended because it is
17.7% fat, while the [lama colostrum is only 0.95%
fat. Before feeding, all colostrum should be warmed
o body temperature by a warm-water bath, not a
microwave oven,

Colostrum and/or milk is fed to crias by either
having them suckle from a rubber or latex nipple on
4 bottle or by stomach tube through an 18 French (6-
mm) 16-in rubber tube (Kendall). Crias strong
enough to suckle will usually accept the latex nipple
on a human baby bottle especially if a few drops of
corn syrup (Karo) are used as an initial inducement.
Crias unable to suckle the whole meal are tube fed
the remaining formula. Most crias increase nursing
time and amount at a rapid rate. Poor nursers need
regular reinforcement to increase sucking reflex,
neck strength and endurance so if they are rebonded
to their own mother or adopted mother, the transfer
is easiet.

Choice of nipples is either a rubber lamb’s nipple
on a clean used soda pop bottle or a latex human
nipple on a plastic baby bottle. Nipples should be
washed several times in hot water to remove the
rubber/latex taste as well as to soften them. Before
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use the opening in the nipple is adjusted to the
sirength of the cria with weaker crias needing a
large cross “x” cut in it and stronger more vigorous
crias needing & smaller opening so as to not suck so
much that they choke. It is destrable 1o keep a selec-
tion of well-washed nipples with different-sized
openings on hand so that the correct one can be used
as the cria gains pursing strength and skill. The nor-
mal nursing position is the head vertical with the
bottle at the top similar to the crias’ natural nursing
behavior. As with using any milk products, cleaning
equipment between use is important and includes
Iemoving any soap residues.

NURSING TECHNIQUES AND TUBE
FEEDING

Crias not strong enough to suckle or that fail to fin-
ish nursing a bottle will need to be tube fed.
Inserting the tube usbally rakes less than five min-
utes and is safer if two people use a team approach
(Fig. 7.2). The cria is put in 2 kush position, upright
on its sternum with the front legs folded back at the
carpal joints and hind legs folded forward from the
hocks. The restrainer straddles the cria kneeling
over it but being careful not to sit on it with full
weight. The restrainer’s left hand holds the cria’s
throat under the jaw while the right hand introduces
the 18 French rubber tube into the right side of the
cria’s mouth behind any incisors {lower only). The
head is held level or slightly flexed as the tube is
advanced to the rear of the mouth, eliciting the swal-
lowing reflex. As the tube is pushed down the
esophagus, its passage may be felt by the left hand

on the left side of the trachea. A cria whose head is
held too high vertically or who has the tube passed
too quickly before a swallowing reflex is elicited
might atlow the tube to enter the trachea. There
could be fatal results if milk is introduced into the
lungs. The 16-inch tube is advanced until 4 inches
remain out of the cria’s mouth and must be held
tightly under all circumstances or the consequence
of a swallowed tube will have to be dealt with. It is
important for the tube to only extend down to mid-
neck so that milk flows properly from the esophagus
past the first chamber by way of a groove that
directs liquids to the third chamber for correct
digestion.

The second person, our “feeder,” using a 60-cc
syringe pushes 60 ml (2 oz) of colostrum/milk into
the tbe being held by the restrainer. The feeder
either refiils the 60-cc syringe or picks up the sec-
ond prefilled syringe, attaches it to the feeding tube,
and slowly pushes in the second 60 ml. Crias larger
than 10 kg are initially fed three or four meals of
120 m!. Then the feeding is gradually increased to
one-eighth of the total daily goal of 10% of the
crig's body weight. Meals should be no Jess than
two hours of more than four hours apart, so with
good planning only one middle-of-the-night {2 10 3
AM.) feeding will be necessary for the first week if
tubing or bottle-feeding is needed that long,

FREQUENCY OF FEEDING

Newborns should have eight feedings per day.
Decrease the number of feedings per day starting on
day ten, Ultimately, it is only necessary 1o feed four

Figure 7.2. Tube feeding a cria.
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times per day, but increase the velume of milk per
feeding to sustain proper weight gain.

EXPECTED WEIGHT GAIN

A llama cria should gain 0.5 pound (225 g) per day
the first week and then should gain one pournd (450
£) per day. Alpaca crias will gain half the weight
expected of a Ilama cria.

HOUSING

The orphaned crias should be kept in a warm envi-
ronment unti] it has stabilized. Use rags or straw for
bedding, not shavings. Some owners have con-
structed small blankets with Velcro fasteners to pro-
tect weak crias from cold weather.

TIME TO WEANING

Crias will start nibbling at solid food by two weeks of
age. A premature criz or septicemic cria will be
delayed in starting on solid food. The compartmented
stomach of a neonate funcuons as a simple stomach
unul the organisms of digestion become established.
Continue providing milk or milk substinites until ade-
quate intake of solid foed occurs. Provide accessto a
leafy, high-quality grass or alfalfa hay. Some care-
givers provide a linle sweet feed (grain with molasses)
or Calf Manna (Manna Pro).

Some normal crias wean themselves by two
months of age, orphaned animals usually appear
dependent on supplemental feeding for a longer
time.

COMMON MEDICAL PROBLEMS

As in all species, if the cria fails to breathe, action
must be taken, such as vigorous rubbing, compres-
sion of the chest, or mouth-to-nose resuscitation.

Also, hypothermia can be detected by taking a rec-
tal body temperature.

Commen problems seen immediately following
birth or within the first few days inciude retained
meconium (constipation), diarrhea. and umbilical
infection. Congenital defects that may interfere with
sustaining life include nasal obstruction (choanal
atresia), lack of an anus (atresia ani), twisted face
{wry face), or urine flowing from the umbilicus
{patent urachus).

SOURCES OF PRODUCTS MENTIONED

Fort Dodge Animal Heaith, 9401 Indian Creek
Patkway, Suite 1500, Building 40, Overland
Park, KS 66210; 1-800-477-1365 or 1-913-664-
7000

Kendall Company, Mansfield, MA 02048;
1-800-962-9888

Manna Pro, St. Louis, MO; 1-800-690-9908;
WWW.INanNapro.com

Triple J Farms, 777 Jorgensen Place,
Bellingham, WA 98226; 1-360-398-0512.
Contact for current availability and prices.
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Opossums

Paula Taylor

NATURAL HISTORY

Virginia opossums (Didelphis virginiana virginigna)
are marsupials whose distribution is throughout
North and Central America. The Virginia opossum in
North America typically breeds in the winter, with
the young leaving the pouch in the spring at approx-
imately 70 days of age. They produce an average of
seven young in a single litter.

OPOSSUM ORPHAN CARE

Those of us who have been involved in the care of
orphaned or injured opossums have found methods
that work for us (Fig. 8.1). Aithough there is often
more than one way to rehabilitate an animal suc-
cessfully, it is easy to fall into the trap that “our way
is the only way." Yet, when a method works, it is
hard to argue with that success. Techniques con-
stantly change and it is suggested you foilow these
basic guidelines while working with the Opossum
Society of the United States (OSUS). The goal is to

Figure 8.1. Infant opossum (photo by Jackie
Wollner, California Wildlife Center).

45

meet the physical and behavioral needs of the ani-
mals in order to ensure they are equipped for sur-
vival in their natural environment.

CRITERIA FOR INTERVENTION

When receiving a call asking you to care for
orphaned opossums, it is imperative 1o collect as
much information as possible in order to adequate-
ly prepare for the arrival of the animals. First, obtain
the name, address, and telephone number of the
caller. Ask where the animal was found, when it was
rescued, and if any food or fluids have been given.
Inquire about possible injuries to determine if it
might be necessary for you to seek veterinary assis-
tance. Find out the size of the animal by asking what
its length is from tip of nose to base of tail. If the
tnfant is small, ask if it is warm or cold. If cold, tell
the person how to warm it while it is being trans-
perted to you. For example, the individual could fill
a hot water bottle or plastic container with hot
water, wrap it in toweling so the temperature of the
outside fabric approximates human body tempera-
ture. Ask the person to wrap the opossum in a soft
fabric such as flannel or cotton knit, place it next to
the toweling-wrapped container, and place every-
thing in a box. Stress the use of ravel-free fabric in
order to avoid injuring the animais.

Any person who handles a nondomesticated ani-
mal should be warned to take precautions from
injury or disease. Occasionally, infant rats or other
rodents are brought in and misidentified as infant
opossums, All wild mammals can bite, scratch,
defecate and infect an existing wound with bacteria
that are a potential zoonotic concern to humans.
While opossums are relatively benign animals, no
one should assume that they are free from risks
when handling them.



46 Hand-Rearing Wild and Domesiic Mammals

INITIAL CARE

Wash your hands with antibacterial soap prior to
and after handling the infants. If you receive small,
cold opossums, it is imperative that they be warmed
for up to two hours before giving rehydrating fluids.
Carefully check the temperature of the top towel to
ensure that it is no higher than 85°F (35°C). Do not
iy to warm the infants too quickly, as you could
burn them or cause them to go into shock. Check for
injuries, If any serious injuries are found, seek vet-
erinary assistance.

Before feeding the opossums, weigh each one on
an accurate gram scale, This will determine the
amount of formula needed to meet each infant's
caloric requitements. If the animals are tiny, weigh
them together and divide the total weight by the
total number of animals in otder 1o obtain an aver-
age weight. Check the Feeding Chart included in
Table 8.1. Infants generally need to be fed four to
five times a day, depending upon how much they
weigh and the formula that is used.

FEEDING AND FORMULAS
Stimulation to Expel Waste

Prior to feeding it is important to manually stimu-
late the infants to urinate and defecate. Use a warm,
damp cotton ball, facial tissue, or cotion tipped
swabs o gemtly stroke the perineal area from front
to back. Turn as it becomes soiled. Make sure that
the stoimach is not bloated (taut) before feeding. If
you are caring for a litter of seven or more, do not
be alarmed if no urine is expelled from one of the
animals, as they sometimes stimulate each other to
urinate through touching.

Occasionally, when an infant demonstrates a lack
of interest in eating or is fidgety, stimulation will help
it relax and cooperate. As the infant grows, it will
usually let the caregiver know by its actions when
stimulation is no longer needed. You may also see
stool and/or urine in the cage. They are well furred at
this time. Remember to wash your hands with an
antibacterial soap after assisting the animals.

TUBE FEEDING

The most effective and efficient method of feeding
infant opossums formula and oral rehydrating fluid
is by tube feeding. Once you have learned how to
tube feed, you can feed with more accuracy and can
care for more animals. You should watch someone
skilied at tube feeding before you attempl to do it

yourself. Consuit your vet or an experienced orphan
caregiver who can teach you and monitor your
progress until you gain confidence.

It is much faster to tube feed unweaned opossums
than to use other feeding methods. Accurate weight
must be obtained before starting and checked every
two to three days thereafier, This enables you to
check the Feeding Chart in Table 8.1 to determine
the proper amount (o feed and to keep accurate
records of each animal’s growth. The amount fed
should fill the stomach comfartably.

Overfeeding may cause diarrhea or stomach
paralysis. Pay close attention o the fullness of the
stomach before, during, and afier feeding. It should
be soft to the touch and gently rounded, not hard
and taut Jike a drum,

Sometimes you will be able 10 see the whiteness
of the milk as it enters the stomach. Feeding inter-
vals are generally four to five times per day. Middle-
of-the-night feedings may be necessary for severely
dehydrated infants and for those with medical prob-
lerns. A “pinkie” opossum, one that has no pigment
and weighs less than 20 grams, is difficult to hand
rear without a surrogate lactating female. Caring for
them is labor-intensive and often results in failure. It
is usually best for all concerned to have these
infants euthanized.

Measuring and Inserting the Feeding Tube

Wash your hands thoroughly with antibacterial soap
before you begin tube feeding. Use a soft mubber #3
1/2 French feeding tube (Kendall) to feed unweaned
infants that weigh up to 35 grams. A #5 French feed-
ing tube can be used to feed thase that weigh from
approximately 36 grams to 60 grams, but some peo-
ple find the #3 1/2 French feeding tube easier to get
down the throat and more comfortable for the animal.

Measure the tube for proper placement. Lay the
anirmal on its back and take the tip of the tube and
measure the distance from the end of the sternumn
{chest bone) to the tip of the nose. Be sure io hoid
the head straight back in line with the body. At the
tip of the nose, wrap a piece of masking tape tight-
ly around the tube. The tape will serve as a marker
to prevent you from inserting the tube too far and
puncturing the stomach wall or not far enough and
possibly entering the lungs. If you enter the lungs
rather than the stomach, you risk drowning the
infant or contaminating its lungs with formuia. This
will lead to pneumonia and death. Second, you
could puncture any of the animal's very fragile
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membranes. To avoid these problems, always mea-
sure the proper placement and mark the tube with
tape. If the tape is not touching the infant’s mouth
when it is inserted. you may be in the lungs. Do not
ever force the tube. It should go easily to the stom-
ach if it is in the esophagus. Withdraw the tube and
start again. By being gentle and taking your time,
you can avoid problems. Recheck the measurement
every few days and mark the tube with new tapc as
each animal grows.

Attach the tube 1o a 1-cc or 3-cc syringe and fill it
with formula that has been warmed to the opos-
sum’s body temperature. Heat only enough formula
for that feeding. Hold the syringe vertically and tap
the side until all air bubbles are at the top. Push the
plunger on the syringe to release the air and pass the
formula into the tube. Make sure that all the air bub-
bles have been expelled. If necessary, draw more
fluid or formula into the tube so that the syringe
contains the propet amount 10 feed the animal.

Hold the opossum with its back in the palm of
your hand. Right-handed individuals should hold it
in their left hand and left-handed individuals in their
right, Grip the head firmly with the thumb, index
finger, and middle finger. The middie finger wili
also hold the animal’s legs down so that it will not
be able to pull on the wbe. An alternative method is
to hold the infant in a standing position on a flat,
nonslick surface. If you are right-handed, put your
left hand around its body near the base of the head.
Position your thumb and forefinger on either side of
the mouth under the jaw. Keep the head and tube
straight during feeding.

Wipe any formula from the tip of the tube.
Moisten the tip with water. Hold the tube near the
tip and gentiy insert it into the front of the mouth,
over the tongue, in line with the throat. To avoid
insertion into the lungs, keep the head straight and
do not extend it when inserting the tube. It may be
necessary to use a twisting motion to get the tip over
the tongue (or you may need to remoisten the tip
with water). Gently slide the tube forward until the
tape is against the mouth. Hold the tube in place and
keep the mouth completely closed. Slowly insert the
formula, making sure to check the fuliness of the
stomach. Never force the tube. It should go down
the throat easily. If it does not or if the tube appears
to stop. pull back slightly, twist, and try again. If the
tube comes out of the mouth. remoisten with water
and start again, Feed slowly, stopping after each 0.5
ml (¢¢) and check the stomach during feeding,

After feeding, place the opossums that have been
fed in a separate pouch. Two small buckets, each
containing a T-shirt, may be placed on a double-
size heating pad. All the babies are put in one buck-
et and as each is fed, it is transferred to the other
bucket. This keeps any animal from being fed
twice. If an infant has a problem, mark the ears (or
tail, if ears are turmning black) with a colored non-
toxic marker 5o that you can identify that animal.
To avoid cross contamnination, feed the marked
infant last, It might be necessary to remove this ani-
mal from the litter. For even greater accuracy. you
can mark each animal’s tail with a different color
nontoxic marker in order to avoid feeding an opos-
sum twice and to accurately monitor each individ-
val's growth. Afier feeding. flush the syringe and
tube at least six times with very hot water. Allow
the equipment to air dry.

Many rehabbers successfully boil their tubes for
fifieen minutes daily to sterilize, but [ have had tubes
permanently curl when boiled. It is important to hoil
any tube that is used on a sick animal or throw it away
so that healthy animals are not infected.

SYRINGE FEEDING

An alternative method of feeding is syringe feeding,
which utilizes a 1-cc to a 3-cc syringe (or larger, if
the litter is large} and a Tomcat catheter or 1V
catheter without the needle, (available from veteri-
narians). Shorten the Tomcat catheter so that the tip
is still smal! in diameter, but not so long that it is
awkward. File the tip of the Tomcat catheter until all
the edges are smooth 1o the touch. Also. remember
that these devices are meant for oral use and are not
safe for tube feeding.

Prior to feeding, it is necessary to rehydrate the
opossums., Have lactated Ringer’s solution, Pedialyte
(Ross), or Gatorade (diluted 1:5 parts water) available,
which has been warmed to the opossum’s body tem-
perature (95°F-97°F ar 35°C-36°C). We prefer lac-
tated Ringer’s or Pedialyte, but in an emergency
Gatorade may be used.

If none of these are available, you can make an
emergency rehydrating solution by combining 1
quart (948 cc) hot water, | tablespoon (15 cc) sugar,
and | teaspoon (3 cc) salt. Cool to body temperature
before feeding and store in the refrigerator.

A synnge of lactated Ringer’s or Pedialyte may be
warmed in a container of hot water or in a
microwave on low power. Rehydrate the opossums
at least three times with any of the above rehydrating
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agents to cleanse their digestive tract and prepare
them for the introduction 1o formuila.

After a minimum of three feedings of rehydration
solution {more if an infant is dehydrated), formula
should be introduced gradually as follows:

3/4 pant rehydrating solution + 1/4 part formula
1/2 part rehydrating solution + 1/2 part formula
1/4 part rehydrating solution + 3/4 part formula

When introducing formula, start with three-
fourths part rehydrating solation and one-fourth part
formula. Give three to six times before advancing to
the next dilution. It is better to go slowly in order to
prevent digestive problems. Progress to one-half
part rehydrating-solution and one-half part Esbilac
formula (PetAg) and give at least three times before
advancing to the next dilution (see Table 8.1).
Monitor how well the infant tolerates the formula.
Progress 10 one-fourth part rehydrating solution and
three-fourths part formula and give at least three
times. Finally, progress to full-strength formule.
Whenever you change to a new formula, you shouid
follow the above rehydrating method of introducing
fluids and formula in order to prevent diarrhea or
other digestive problems.

When syringe feeding an infant, wrap it in a soft
ravel-free cloth with its front legs in or out (whatev-
er is comfortable for the animal). Feed the formuia
one drop at & time. You can gauge the approximate
amount fed by the amount in the syringe. Go slow-
ly. It will take ten minutes or longer to feed each
animal. You do not want formuia coming out of the
nose. If it comes out the nose, blot, hold the animal
upside down, and gently pat it between the shoulder
blades. Sometimes more formula will be expelled,
If this occurs, blot it immediately. Check the infant's
stomach to see if it is gently rounded, not taut. Flush
the syringe and tip at least six times with hot water.

If you have a single opossum and cannot locate a
litter to place it with, it is essential that you hold and
stroke the animal for at least a few minutes after
feeding. This will replicate the stimulation provided
by the litter and the nurturing that is essential to
thriving. You should also place a small stuffed ani-
mal in the pouch or bedding with the baby for addi-
tional comfort and security. Remember to remove
any hazardous pieces from the stuffed animal.

When comparing syringe feeding with tube feed-
ing, it is important to remember that tube feeding is
much faster, more accurate, more efficient, and less
stressful for the animal, despite any apprehension
associated with tubing, The time factor will enable

you to care for more infants in much less time, and
it 15 often the difference between an opossum that
merely survives and one that thrives.

LITTER TRAINING

Litter trays should be introduced when the opos-
sum's eyes have opened, and it is beginning to walk
well. Some examples of litter trays are plastic flow-
erpot saucers that are filled with natural clay cat lit-
ter or Teflon-coated cookie sheets filled with clay
litter or lined with newspaper and topped with paper
towels. The paper towels absorb urine quickly. To
litter train, stimulate the infant over the hiter tray.
When cleaning the litter tray, leave one stool in it.
Opossums quickly learn to eliminate in the liter
iray.

TIME TO WEANING

When infants have their eyes open and are not too
wobbly (generally 45 g or more), they can be taught
to lap the formula. Lapping is not a natural feeding
routine for them, so they must be encouraged. At
this point, it is suggested that soft, quilted-type
paper towels be placed on top of the newspaper in
the feeding area of the cage. This will enable the
animal to stand and grip more easily.

Fiil a shallow jar lid to the rim with formula (see
Fig. 8.2). More than one lid or larger lids may be
needed depending on the number of animals. When
necessary, a tiny drop of Karo light syrup can be
added to the formula prior to hearing to encourage
self-feeding, Dip your finger in the formula and

Flgure 8.2, Opossum infant feeding from lid.
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wipe it around the edge of the rim to attract the ani-
mals. Gently touch the mouth of each opossum to
the formuia. After they attemnpt to self-feed, it may
be necessary for you to supplement the infants with
additional formula. Check each stomach for full-
ness. Extend the ame between feedings, and put the
infants in front of the lids often. Do not assume that
all of the infants are coming out of the nest area to
eat. Keep shallow lids of warm formula in the cage.

Change the formula frequently 1o ensure fresh-
ness. You might find it easier to use a small plastic
spoon and put it in the formula. Tip it slightly to the
infant’s mouth 10 encourage it to lap.

When the opossums are Japping regularly on their
own and hand feeding has been reduced to once or
twice 2 day or discontinved when they weigh 60 g
or more, the formula needs 1o be thickened by
adding ground or whole Purina Kitten Chow
(“Original Formula" only} that has been mixed with
water. This mixture will be called “chow-pudding.”
Grind dry Purtna Kitten Chow (Purina) in a blender
ar food processor. Add a sufficient amount of water
to give the chow a puddinglike consistency. Allow
the pudding to set in the refrigerator for approxi-
mately ten rinutes and check. 1t absorbs water
faster when refrigerated. The whole consistency
changes {there should not be any hard chunks).
More water or more chow may be added to get the
desired consistency. Store the chow-pudding in an
airtight container in the refrigerator. Thicken the
formuia with & small amount of chow-pudding mix
(it should resemble formula that has small particles
of Kitten Chow throughout). As the animals become
accustomed 1o the taste. increase the amount of
chow-pudding. Provide a lid of whole dry Purina
Kitten Chow and another lid of Kitten Chow that
has been soaked in water five to ten minutes (in
whole form). Some animals eat the softer chow
more readily. A shallow container of water should
be available at ail times.

MODIFIED-JURGELSKI DIET

By the time the opossums weigh 80-100 g, intro-
duce the Modified-Jurgelski Diet. This diet consists
of one part ground, raw beef liver and nine parts
Purina Kitten Chow-pudding {see Table 8.2). The
amount of liver is not discretionary. These are pre-
cise measurements. Altering the amount of liver or
using another brand of kitten food has apd will
cause metabolic bone problems.

The Modified-Jurgelski Diet can be refrigerated
for up to three days. Then it should be discarded.

The liver can be frozen in smail containers, if tight-
ly wrapped, for up to one month. Offer the
Modified-Jurgelski Diet every evening. This is not
optional! Some animals take longer than others 10
acquire a taste for this diet. If they refuse to eat it
after severa) days, offer crickets that have not been
contarminated with any insecticides, and are high in
protein, After eating crickets for several days, they
will most likely eat the liver chow. When all of (he
Opossums that are being housed together are consis-
tently eating the Modified-Jurgelski Diet, gradually
add small quantities of various fresh fruits and veg-
etables {add one item at a time), Cut into bite-size
pieces prior to offering them to the youngsters. It is
important that the animals are eating the Modified-
Jurgelski Diet, which is the balanced dietary staple
and constitutes 90% of the total diet, before they get
fruits and vegetables, which should total only 10%
of the total diet.

DISINFECTING BEDDING,
CAGES, AND DISHES

Good hygiene is essential to your health and that of
the opossums in your care. After feeding, wash all
utensils in a solution consisting of 3 tablespoens (15
ml} liquid bleach 1o a dishpan of hot, soapy water.
Rinse thoroughly, A dishwasher may be used for
crock bowls, plastic lids, and jars. {1 would also be
advisable to wash animal dishes in a container sep~
arate from your own dishes. Wash all bedding in hot
water with the appropriate amount of detergent and
172 cup (120 ml) liquid bleach with each load. A
small amount of unscented liquid fabric softener
may also be used. Use a brush 1o clean the cages
with a solution of | tablespoon (15 ml) liquid bleach
1o 1 cup (240 m!) hot water. Rinse well and allow 10
dry completely in the sun. The cages should be
cleaned thoroughly after each litter's use.

HOUSING

Housing for infants that have some gray pigment
along the backbone, or scant fur. or infants whose
eyes are closed should consist of a sturdy box or
aquarium that is at least 18 inches (46 cm) high. An
aquarinm is preferred, as humidity is much easier to
control. Always place a heating pad under the con-
tainer, not in it, and make sure it is only under a por-
tion of the “nest” area. It is usually set on “low"
when there is a towel under the aquarium.
“Medium” setfing might be needed for wood or
other comainers. When using an aquarium, scak a
terry-cloth towel in hot water, wring it out, and
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Table 8.2, Feeding Chart For The Modified Jurgelski Diet For Opossums {Purina® Kitten Chow®,
Water, Raw Beef Liver, Calcium Carbonate}

INSTRUCTIONS

Diet: Mixture of | part ground. raw beef liver and 9 parts Kitten Chow®/water mixture, all by volume (i.e.. tsp. thsp,
cup. or pars of any of these), Soak Kitten Chow® in enough water to create a pudding-likc consistency. Combine |
part ground, raw beef liver with 9 parts Kitten Chow®/water mixture, The amount of liver is not discretionary.
Putverize Caltrate® 600 tablets {or use a calciumn carbonate powder which specifies on the Jabel that it contains 70( to
%00 mg of calcium per tsp), and add 14 15p per cup of Kinen Chow®/water/liver mixture. No other supplemental vita-
mins or minerals should be used with this diet unless recommended by a veterinarian for 4 specific medical condition.

%SOLIDS %FAT %PRO %CARBO KCALS/TBSP
Diet Compaosition 329 3.3% 13.5% 11.2% 212
FEEDING CHART
AMOUNT TO FEED PER DAY
DAILY BASAL 2 TIMES BASAL 2-1/2 TIMES BASAL
ENERGY REQUIREMENT REQUIREMENT
BODY WEIGHT REQUIREMENT (1 thap = 3 tsp) (1 thsp = 3 tsp}
QUNCES GRAMS (KCALS/DAY) {To convert to cups: 4 thsp = 1/4 cup)
2.5 700 9.5 | thsp + 0 tsp ! thsp + 0 tsp
28 80.0 105 1 thsp + O tsp Lthsp + 1 tsp
32 900 1.5 1 tbyp + 0 tsp L thsp + 1 tsp
3.5 100.0 12.5 1 tosp + G isp 1 thsp + 2 tsp
ig 110.0 i34 i tbsp+ 1 tsp 1 thsp + 2 tsp
4.2 1206 14.3 | thsp + | tsp i tbsp + 2 tsp
4.6 130.0 15.2 | thap + | tsp 1 thsp + 2 tsp
4.9 140.0 16.0 1 thsp + 1 tsp 2 tbsp + U tsp
5.3 150.0 16.9 L thsp + | tsp 21bsp + O tsp
7.1 2000 21.0 2 thsp + 0 tsp 2thsp + [ wsp
7.9 2250 22.9 2 thap + G sp 2thsp+ 2 tsp
9.7 2750 26.6 Jibsp + L tsp Jthsp + O tsp
11.5 3250 302 2tbsp + 2 tsp Jthsp+ 2 tsp
i3.2 3754 336 Jibsp + Qsp 4 thsp + O 1sp
14.1 400.0 352 3tbsp+ 1 tsp 4 1hsp + Uisp
15.9 450.0 385 Jtbsp + 2 tap 41hsp + 2 1sp
176 5000 41.7 4 thsp + 0 tsp Sthsp+Otsp
19.4 5500 448 4 thsp + O tsp Sthsp+ 1 tsp
212 600.0 4738 4 thsp + 1 tsp 5 thsp + 2 tsp
229 650.0 50.7 4 thsp + 2 tsp 6 thsp + O tsp
47 F00.0 536 5 thsp + O tsp 6 thsp + | tsp
26.5 750.0 56.5 Sthsp+ 1 tsp 6 thsp + 2 tsp
28.2 §00.0 59.3 5tbsp + | tsp 7 thsp + 0 tsp
300 850.0 62.0 5 thsp + 2 isp 7 thsp + | tsp
335 950.0 674 6 thsp + 1 tsp 8 thsp + O 1sp
37.0 1050.0 727 6 thsp + 2 tsp 8 thsp + 2 tsp

Notes:

Weigh the animal periodically. Based on its weight, feed the corresponding amount shown. For more than one opossum.
multiply the amount (o feed by the total number of animals. THIS CHART IS A GUIDELINE, NOT AN ABSOLUTE.
The daily basal energy requirement represents the energy required by the animal for basic bodily functions {i.e., respira-
tion, circulation, glandular function, peristalsis, temperature regulation) when in a resting and a thermal neutral state.
Infant mammals require 2 1o 4 times the basal energy requirement daily (Evans, 1987). This chart includes calcutations
for both 2 and 2-1/2 times the basal crergy requirement.

Copyright © 1992 by Debbie Marcum; revised 1996
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place it on the bottom of the aquarinm. Cover with
layers of bedding. To maintain humidity, cover the
aquarium with a wet towel. The towels must be re-
soaked as needed. A hygrometer is generally used to
monitor the humidity. Place several layers of receiy-
ing blankets, T-shirts, or sweatshirts without frays
over the pad to avoid burning or overheating the
infants. When using a box or any other comainer for
infants, a tall plastic container partially filled with
water should be securely taped to the box in the {ar-
thest corner away from the bedding. This will pre-
vent spilling and provide the necessary humidity.
Cover and punch holes in the lid to maintain the
humidity inside.

Cut a sleeve from a sweatshirt and close it at one
end by rolling it ar sewing it closed. This sleeve will
be the “holding pouch” for the mfants. Once the ani-
mals have been placed inside, fold the other cnd of
the sleeve underneath to prevent them from scacter-
ing, For practical purposes, this setup is called a
“pouch,” since it simulates the mother’s pouch
where she carties her young. Examples of other
pouches inciude flannel pillowcases (turned inside
out with the opening tucked underneath) and vari-
ous sizes of pillowcase-type pouches that are made
from flannel and have Velcro closures across the
opening. Always put 2 small stuffed animal (after
removing any hazardous plastic pieces, such as the
eyes} in the pouch. This enables the opossums to get
away from each other if they want and appears to
provide security. Always make sure that a singie
infant has a stuffed animal for companionship. Have
at least two pouches ready for the incoming
orphans, and make sure the heating pad is turned on
ahead of time in order to warm the bedding. The
temperature underneath the pouch should be
checked with an oral or rectal thermometer and
should not exceed 95°F (35°C).

Cage Setup

For infants that have their eyes open and are walk-
ing, a cage that has grids of 1/2in X 1in{I.3 ¢m X
2.5 cm) can be used to prevent the animals from
escaping. A rule of thumb for caging is use mesh
that is small enough: If the head can go through, the
body will follow!

Keep the cage clean and dry. Line the floor with
newspaper to prevent damage to tender feet. For
bedding, use infant blankets, sweatshirts, or T-
shirts, and layer the fabric so that the animals can
crawl under some of the bedding. Terry-cloth towels
are never used as bedding for any species because of
dangers from the loops and raveling. It is easy for an

animal to strangle, lose toenails, or have threads
wrap around its digits, causing damage. Always
have a small shallow dish of fresh formula in
the cage as soon as the opOssum’s eyes open.
Remember to change the formula every two to four
hours, especially during warm weathet.

It is advisable to group the animals before or
shortly after their eyes have opened. The larger they
are, the more potential there is for problems to
occur. Never house infants together that are not the
sarne size, as cannibalism may occur. Never house a
wounded or ill animal with other opossums because
of the species’ tendency toward cannibalism.

As the infants grow, they need to be transferred to
larger outdoor cages (Table 8.3). Den boxes with
bedding should be placed off the floor. Equip the
cage with hollow logs and secure branches for
climbing. Cover at least one-third of the cage to pro-
vide the animals with shade and privacy. QOutdoor
cages need fiberglass or metal roofs and tarps that
can be dropped in inclement weather. If the cages
are small, they can be compietely covered with a
tarp when necessary. It is important not to over-
crowd opossums. As the animals grow, they must be
moved into larger cages or litters must be divided,
The cages musi have adequate floor space.

When the opossums are thermoregulating {able to
maintain body temperature), self-feeding, and 5-6
in (12.7-15 c¢m) in body length, they need to be
housed outside. Transfer them out when the weath-
er js warm and sunny. Once outside, it is imponant
that healthy animals stay outside, regardless of the
weather. When the animals are weaned. Iimit your
contact to feeding and cage cleaning in order to pre-
pare them for release. Your goal is to make them for-
age for food and to be wary of humans. Do not pet
the animals. Scatter food around the cage at dusk
before they awaken. Since opossums are nocturnal,
you want them to icok for foed only after dark. Do
not leave lights on around the cages. You do not
want them to be attracted to lights.

Keep dogs and cats away from the cages. If the
opossums have no fear of dogs and cats, they may
lose their natural wariness of other amimals, which
could be fatal to them after their celease. If the opos-
sums seem overly friendly 1o you and come out to
greet you, try to arrange to transfer them to someone
else. A move t0 an unfamiliar location will generally
elicit a more intense wariness of their surrotindings.

RELEASE

Opossums should be released when they weigh
approximately 1.5 Ib (0.7 kg) and are about five
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Table 8.3. Outdoor Cages and Runs

Size of cage

Number/Size of opossums

Aquarium or Box (18" tall)

34" X 20" X 20" or3 X 3 X 3 (B6em X 51 cm X 51 cm)

46" X 20" X 20" (117 em X 51 cm X 5] cm)
4 X 4" x 8 (1.2 X 1.2 X 2.4 meters)

x4 xg

Runs with Bedding Boxes
Tx4x8(2ZImxX12mx 24m)

12x 4 XB{36mxX12mX24m)

Housing for Injured Adult
PX2x206mX6mx06m)

Qutside Adult
4 x4 XB({12mxX 1.2m X 2.4 m)}

Litter with eyes closed
(5-7) 4" opossums
(5-7) 6" opossums

(5-7) 6-8" opossums
1 juvenile

(10~12) 7-9" opossums
(10-12) 7-9" opossums

months old and 10-12 in (25.4-30.5 cm) in body
tength from tip of nose to base of tail. Feed a light
meal before releasing or forgo the meal and provide
backup food such as 10-20 1b of dry dog or cat
chow, which is scattered in an area that is somewhat
protected from the elements. Release after sunset,
Make sure that the weather is favorable on the
release day and several days thereafter. The release
site should have a year-round supply of fresh water,
dense brush, and abundant natural foods.

Whenever batches of opossums are released, they
should be interested in exploring the release area or
run away. If any animal returns to the carrier and
wants to stay there, tries to get into or on the carrier
and is not interested in leaving it, or stays near the
rehabilitator, it is {00 immature 10 Telease at that
time. To do so guarantees injury or early death. If at
all possible, take it back and give il more time to
mature.

The moment of release ends your role as an
orphan caregiver for this individual animal or litter.
Your reward is knowing that you made a difference
in the lives of animals that would have otherwise
undoubtedly have perished without your care and
nuriuring,.
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Sugar Gliders

Michele Barnes

NATURAL HISTORY

The sugar glider {Petaurus breviceps) has an aver-
age birth weight of 0.2 g (Fig. 9.1). Sugar gliders
begin breeding in late winter (August in Australia).
Females have a 29-day estrous cycle and produce
one (19% of births) or, more commonly, two off-
spring {81% of births) after a 15-17-day gestation
period {Booth 1993).

The young remain in the pouch for approximate-
ly 70 days and are then left in the group nest for an
additional 30 days. Production of a second litter is
common in the one breeding season.

Figure 9.1. Sugar glider in a tree.
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Longevity in the wild is usually 4 to § years, indi-
viduals may survive up to 9 years in the wild or 12
years in captivity (Booth 1998).

RECORD KEEPING

Detailed, accurate records should be maintained, as
they can be a great source for future reference. Table
9.1 shows a possible format. Initial records should
inciude things such as age, weight, body measure-
ments, sex, distinguishing marks, parentape (if
known), formula given (and at what strength), what
you are housing them in (pouches, heat source,
cages. etc.). Daily records should include items such
as time fed, quantity given, any change in formula
or introduction of solids, frequency of urine and
fecal matter, consistency of feces, and behavieral
notes.

EQUIPMENT

Always be prepared. Have all your hand-raising
equipment on hand prior to receiving an animal when-
ever possible, The following items will be needed:

Artificial pouches and bedding—made from natur-
al fibers with no loose hanging threads

Maximum/minimum thermometer-—to maintain
and monitor temperature

Small cage—for early stages

Large cage—ior later stages when young emerge
from the pouch and after weaning

Fecding aids—plider teat, syringe, measuring
spoon

Electrolyte/glucose replacer—Lectade (Duvox)

Small feeding bottles—relevant for quantity of
food

Bottle brush—for cleaning feeding bottles

Milton or boiling water—for sterilization of feed-
ing equipment
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Table 9.1. Format for Hand-RaisinQHecords

Hand-raising Records

Common Name:

Scientific Name:

House Name: Sex:
Age: Measurements:
Parents; Reason:
Formula Given: Carer:
Date Time Fed Amt Fed Total Weight Comments

Food-—milk formula; solid foods, supplements,
natural foods such as blossoms, insects, various
types of tree branches

Heat source (heat pad, hot water bottle)—to pro-
vide warmth

Food bow! for solids—shatlow bow! that hooks to
side of cage

Water bowl—shallow bowl that hooks to side of
cage

Soft baby brush—for grooming

Baby wipes (Chux)/tissues—for toileting, cleaning

NapiSan (Reckitt Benckiser}—for sanitizing/clean-
ing pouches and bedding

CRITERIA FOR INTERVENTION

It may be necessary to intervene and hand raise
young if they are failing to thrive while suckling, are
sick or injured, their mother has rejected them, or
they have been orphaned. Hand raising any animal
tequires a lot of time, effort, and patience and
should not be entered inte half-heartedly.

INITIAL CARE AND STABILIZATION

The initial care will be dependent on whether the young
has been removed by you or rejected by its mother. The
latter will require you to physically check the animal
for any bleeding, breathing difficulties, broken bones,
hyperthermia, hypothermia, parasites, shock, or
wounds. Although basic first aid can be applied, veteri-
rary assistance should be sought right away.

Success rates with hand rearing approach (% for
furless voung, but experienced individuals may
wish to try. Once the young are furred success rates
approach 100% (Booth 1998).

It is important to remember when dealing with sick,
injured, or orphaned anfmals, 10 try to create a stress-
free environment, The young should be placed in an
artificial pouch, sock, or semething similar, placed on
a heat source, and left somewhere quiet. Sick or
injured adults should be kept at 79°F (26°C), furred
young 2t 82°F (28°C), and furless young at 89.6°F
(32°C). Anificial warmth may be provided by way of
electric heat pad or hot water bottle. The heat source
should preferably be placed on the outside of the cage
or have towels wrapped around it to prevent the ani-
mal from coming into direct contact with it.

Air temperature should be monitored closely as
overheating may be fatal and underheating couid
also cause problems, An internalfexternal ther-
mometer is a good way to monitor the temperature
without disturbing and stressing the animal.
Something to keep in mind is that young animals are
not toys or playthings and require lots of rest and
unintetrupted sleep in order to grow.

FORMULAS, SUPPLEMENTS, AND
DAILY CALORIC REQUIREMENTS

There are many low-lactose milk forrnulas on the
market that are suitable for hand raising young glid-
ers (e.g., Wombarco, Biclac. Digestelac (Sharpl,
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Perfect Pets, and Divetelac [Sharp]). It is important
that once a formula has been chosen, you stick to it,
as changing may cause unnecessary problems such
as diarrhea.

Remember that these formulas are a food and
young will need to have access to fresh water at all
times.

WHAT TO FEED INITIALLY

It is essential to establish the young animals’ age
before beginning to hand raise. This may be deter-
mined by a combination of head and leg measure-
ments, weight, and milestones (Table 9.2).

Prior to offering formula it may be necessary to
give high-energy fluids ltke Lectade (Duvox) or
Pedialyte {Ross), an eleciralyte/glucose replacer ¢if
the animal has diarthea). or Glucodin (Boots) tor a
period of up to 24—48 hours. High-energy fluids
help stabilize the animal. combut dehydration.
matntain body temperature, and rest the stomach
betore different foods, such as artificial milk formu-
las, are introduced {(White 1997), Milk formula can
be made up slightly diluted at first and gradually
increased to full strength over a 48-hour period to
reduce the possibility of causing unnecessary diar-
rhea, Note: Oral fleids or formula should be offered
only to a warm animal,

NURSING TECHNIQUES

There ure many options for nursing young gliders
including. lapping from the end of a syringe, using
a bottle and teat (Perfect Pets). or lapping directly
from a measuring spoon as seen in Figure 9.2,

Personally, [ have found the latter to be the easiest
method for animal and carer alike. Young may be
encouraged to lap by getting them to lap/lick at a
small piece of banana. Then smear banana on the
end of a measuring spoon fuil of milk and they will
often start drinking the milk while licking at the
banana (Fig. 9.2). It you choose to try using a botile
and teat. be sure the size of the teat is appropriate
for the age of the young. Do not try and pry their
maouth open. but gently direct the teat into the side
of their mouth. Alse when using a teat ensure that
the hole in the end is not too large.

On several occasions difficult feeders have been
enticed to lap, by first offering them a grape to lap
the juices from. Once they are licking the grape, 1t
can be hollowed out for the milk 1o sit in.

Young gliders still in the pouch usually need to be
stimulated to urinate and defecate after each feed.
Using a slightly moistened cotton ball or soft tissue
to tickle, not rub, around the vent area can encour-
age stimulation. If you are having trouble feeding
your voung, try toileting them during feeding.
Young gliders usvally give you an indication of
when they are about to urinate. The best way to
describe it is that they hiss. This I have found to be
most helpfu! while enjoying a cuddle. or when they
are exploring on your new couch.

FREQUENCY OF FEEDING

Feeding is age dependant, the younger the glider the
more often they are fed. An unfurred glider is fed
every one (o two hours, just-furred gliders every
four hours, gradually being reduced to once or twice

Table 9.2, Growth and Development of Young Sugar Gliders Petaurus breviceps breviceps trom

South East Queensland

Age (day) Weight (g) Feed (ml/day) Milestones
] 0.2 Mouth and forelimbs most developed feature

20 0.8 Ears frec from head. papillae of mystacial vibrissae
visible

35 20 1.0 Mystacial vibrissae {whiskers) erupt, ears pigmented

40 30 1.5 Start to pigment on shoulders, eye slits present

60 12 3 Detaching from teat, fur emerging, dorsal stripe devel-
oping

70 20 4 Eyes open, fuily furred, left in nest

80 35 ] Fur lengthens

90 44 7

100 54 8 Emerging from nest. start eating solids

130 T8 Weaned

Source: Booth (1993),
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Figure 9.2. Juverile male lap-
ping from end of a measuring
spoon.

Figure 9.3. Juvenile male
sugar glider.

daily prior to weaning. It is important to matntain
consistency when feeding young animatls.

AMOUNTS TO FEED

The amount of formula offered vartes depending on
the age of your ghder. as seen in Table 9.2, The tem-
perature of formuta is very important and should
always be checked on your wrist prior to offering it
to your young. Some animals will not drink if the
milk is just 2 little too cold or may burn their mouths
if it’s a little too hot. Tt is important not to overfeed
young, as this can cause diarrhea. Once made up.
formula should never be kept for longer than a 24-

hour period. If formula is left out of the fridge for
any extended period, it should be discarded and
fresh formula made up. Strict hygiene, such as per-
sonal hygiene, sterilization of all bottles, teats, and
spoons after each use, should be maintained.

EXPECTED WEIGHT GAIN

During the first two weeks, while your young settle
in, it is a good idea to wetgh them daily. This may
be decreased to once every couple of days, then
once a week, and so on until as an adult they are
being weighed monthly, As scales may vary, it is
suggested that you use the same one each time.
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Initially, in the first 48 hours, there may be little
or no weight gain and sometimes there may even be
2 loss. Once your glider has adjusted to his/her new
diet and sleeping arrangements, you should see a
gain in weight every second day if not daily (Table
9.2).

Once your glider has siaried eating solids, the
increase in weight will become more substantial. Be
cautious of overfeeding as obesity can be a problem.
An adult male should weigh 115-160 g while
females should weigh 95-i35 g.

HOUSING

Housing requirements vary depending on the age of
your glider. No matter what the age, it is very
important to maintain strict hygiene standards with
their cage, furnishings, bedding, food, and water
bowls.

Pouch Young

Sixty-day-old young require a small pouch liner,
which ts placed inside a thick pouch. Old fleecy
lined sweatshirts make great pouch liners when cut
up and sewn into a pouch, 18 cm X 18 cm, and knit-
ted woolen pouches work well for the outer pouch,
22 cm X 22 ¢m. A small cage, 42 cm X 32 cm X
36 cm, with small-gauge wire is ideal for young not
vet emerged or just emerging from the pouch, The
cage should be, escape proof, free from any sharp
protrusions, and located in a suitable position away
from domestic pets and noise. .

Set the cage on top of a heat pad and monitor the
temperature to attain the desired warmth, furred
young at 82°F (28°C) and furless young at 89.6°F
(32°C). Increase or decrease bedding around the
pouch to help achieve this.

As the glider starts to emerge from the pouch
ensure that you have a small water container avail-
able at all times and that there are small branches in
the cage for chewing and climbing on.

Weaning/Adult

For a single glider, place the pouch inside a bird’s
nest box (wooden) inside a cage that is approxi-
mately 100 cm X 100 cm X 100cm (3% in X 39 in
X 39 in), with ! cm X | cm gauge wire. The cage
should preferably have a large door to add and
remove furnishings as required.

For more than one glider, more nesting boxes and
pouches should be made available 10 allow them to
sleep separately if fighting should occur. The size of
the cage also needs to be evaluated when adding

more gliders. Personally, [ have housed two gliders
in a cage that was 150 cm long X 150 cm high and
100 cm deep (59 in X 59 in X 39 in). The two ani-
mals housed together were a compatible pair. The
more gliders, the larger the cage should be,

Ensure there are plenty of climbing branches of
different thickness and toys to keep them occupied,
Toys that are used for birds, such as ladders, bells,
balls, even stuffed animals, or something as simple
as a piece of PVC pipe or small cardboard box will
keep them busy. However, it is important to remem-
ber that any toy used should be free from sharp pro-
trusions. Should you encounter problems with your
animals chewing or ingesting parts of a toy or PVC
piping, this toy should be removed. Branches that
are loosely fitted to the cage will allow movement
and will give the glider a challenge when climbing,
Placement of perches is also important, fewer
branches around the sides of the cage will encour-
age your glider to jump rather than run to the other
side of the cage.

Nontoxic browse should be available at al] times
for the glider to chew on and also for lining nest
boxes. Cages should be free from bits of wire and
sharp protrusions that could cause harm o your
glider, When placing food and water bowls inside
the cage, be sure to put them away from any perch-
es to prevent fouling from feces and urine.

Cage sizes for mature adults are a guide only, as
bigger is always better.

IMMUNE STATUS AND SPECIAL NEEDS

There is no specific information available on the
immune function in gliders; however, they appear to
be immunologically fairly robust.

TIME TO WEANING

Weaning occurs at 100-110 days, and forced dis-
persal may occur when animals are between seven
and ten months of age.

TIPS FOR WEANING FROM FORMULA
TO SOLID FOOD

The food we provide for our captive animals should
ideally mimic that of their natural diet (Table 9.3).
A nutritionally balanced diet, such as the one
used at Australian Wildlife Experience, Dream-
world in Auvstralia (see Table 9.4), will help to pre-
vent problems such as obesity, viral and bacterial
infections, nutritional deficiency diseases, and
reduced breeding success. Resist the temptation to
feed sweet foods, soluble carbohydrates, such as
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Table 9.3. Definition and Composition of Dietary Components of Witd Sugar Gliders

Component Definition Composition
Gum Exuded on trunks and branches by ~ Complex associations of polysaccharides
some species of acacia to bind (cellulose, starch, and sugars), low in protein
sites of damage, particularly those  (1.3-3.1%)
made by boring msects
Arthropods Moths, scarab beetles, caterpillars,  Vary in composition but contain in the region of
weevils, and small spiders 50-75% protein and 5-20% fat on a dry wet basis
Sap Liquid obtained by biting through 1.4% or less protein, predominantly carbohydraie
the bark of some eucalypts into the  of which 70-85% is sucrose
phloem
Manna Sugary exudate produced at sites Composition of sugars slightly changed from
of insect damage on the leaves phioem sap by the action of insects’ salivary
and branches of certain eucalypts enzymes
and angophoras
Honeydew Sap-sucking insects ingest large About 79% mono and oligosaccharides and 9%
quantities of sap to obtain polysaccharides
sufficient protein and then excrete
surplus carbohydrates as honeydew
Nectar Produced in usable quantities by Mainly simple sugars

larger eucalypt flowers (>3 mm
diameter)

Source: Booth {1993).

nectar and mixtures containing honey or sugars and
very sweet fruit, such as different meions. Also
avoid processed carbohydrates such as breads.,

To help your glider with the transition from formu-
la to solids, you can begin by leaving a variety of their
intended diet out overnight for them to sample if they
choose. The size of the pieces should be small and
may even need to be grated or mashed up. Spending
time with your young of an evening is a great time to
encourage them to sample small pieces, or juices from
your fingers. Most gliders will begin the transition to
solids if solids are available to them. Food bowls
should be shallow and several bowls should be avail-
able if the cage is home to more than one glider.

COMMON MEDICAL PROBLEMS
Some common medical problems include

* Cloacal prolapse, which can be stimulated with
excessive rubbing while toileting young.

* Obesity, which occurs regularly with captive ani-
mals and should be monitored closely. Body
condition of gliders can be gauged by the thick-
ness of their gliding membrane; it should be thin
and stretchy not thick with fat.

* Teeth root abscesses, general tooth and gum dis-
ease, periodontal disease, tartar accumuiation are
all common, and can be caused by incorrect diet.

s Wounds, eye problems, and comneal uicers from
incompatible gliders fighting can be common.

* Nutritional osteodystrophy or hind limb paresis/
paralysis is a commonly reported disease of pet
sugar gliders, but has never been reported in zoo
collections (Booth 1998).

Some drugs that have been used without ill effect
are:

e Diazepam, 0.5-1.0 mg/kg, for sedation

* Isoflurane administered with oxygen via vapor-
izer, for anesthetic

« Drontal Worming Suspension for Puppies and
Small Dogs; Bayer, Australia LTD, which con-
tains febantel, 15 mg/ml; Pyrantel Embonate,
14.4 mg/m] at a dose rate of 0.1 mI/100 g;
Ivomec{ivermectin), concentration 0.8 mg/ml at
a dose rate of 0.2 mg/kg: Benzelmin oxfenda-
zole, concentration 200 mg/m! at a dose rate of
10-20 mg/kg. all for worming

e Clavulox, amoxicillin, for antibiotic
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Table 9.4. Daily Diet for Captive Sugar
Gliders Provided at Australian Witdlife
Experience, Creamwaorld

Daily Diet

Sg Sweet corn kernels

i Dog chow / Eukanuba

6g Vegetables (sweet potato, carrot. apple,
but no melons or sweet fruits)

2 Mealworms

2g Sprouted seed

1 tsp Nectar (see recipe below)

Supplements

5 Pallen grains (Once per week)

2 Grey stripe sunflower seed (Once per
week)

| Almond (Once per week)

3 Sultanas/raisin (3—4 times per week)

lg Eco-pet (Once per week)

Insects (moths, etc.) (34 times per week)

Nectar Mix
1.25 Shelled egg

41.5g  High-protein baby cereal (Farex)
167ml  Cold water
335ml  Honey
D5g Calcivet
05g Soluvet
500 ml  Hot water
Some drugs cause problems. Tiletamine/

zolazepam has been associated with mortality of
three appatently healthy squirel gliders when used
at a dose of 10 mg/kg intramuscularly (Booth 1993).
It is therefore not recommended for use in sugar
gliders, aithough this drug combination is a very
useful anesthetic agent in possum species (Booth
1993).

Any antibiotic uwsed may upset gut flora, which
may cause diarrhea. All drugs used on your animai
should be given with veterinary advice only and
correct dose rates administered.

Selected physiological data for sugar gliders can
be found in Table 9.5.

CAPTIVE VERSUS WILD

An animal’s lif¢ in captivity should always mimic
that of its wild cousins. Sugar gliders are very
social, active animals in the wild and there’s nothing
better than seeing them jumping and gliding from

6]

Table 9.5. Selected Physiological Data for
Sugar Glider

Parameter Reference Range
Heart Rate 200-300/min*
Respiratory Rate 16—40/min*
Body Temperatuze 36.3°C

Body temperature in torpor 215°C
Thermoneuniral zone 27-31%C

Basal Metabolic Rate 2.54 w kg®™

*Under 1soflurane anaesthesia

tree to tree in their natural environment. These ani-
mals are very easily imprinted when hand rearing,
as they require much time and attention.

If your glider is being hand raised to be releasad,
it needs to be established with a colony of gliders
that are also to be released, prior to releasing.
Another important factor is familiarization of local
food sources and the presentation of large browse
branches to encourage foruging for insects, gum,
and sap.

SOCIALIZATION OR REINTRODUCTION
TECHNIQUES

A dominant male glider will continuaily sceni mark
all the members of his colony with the scent gland
found on his head. Juvenile sugar gliders of either
sex enjoy having this gland rubbed.

Wild gliders live in family groups or colonies, so
itis important for your gliders’ well-betng to have a
minimum of two animals housed together. especial-
Iy if you are unable to spend ample time with them.
Depending on the size of the cage and compatibihi-
ty of the animals, you may be able to house up te
seven individuals together, Introduction of any new
animal to the colony should be done very carefuliy.
There are several methods of introducing new ani-
mals to a cape; they can be referred to as a soft or
hard release. A soft method would be to place the
new animal inside a smaller holding cage withip the
larger cage for scveral weeks, then release the new
animal into the enclosure. A hard release would be
to dust all animals and bedding with Fidos Free Iich
powder or talcum powder and put them all together.
A second method of hard release would be to cross
scent all the animals that are to be housed together.
This can be achieved by rubbing their scent glands
together and also by covering them in each cther’s
urine. All methods will require you to check each
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animal daily for injuries, as fighting is almost cer-
tain to occur.

SOURCES FOR PRODUCTS MENTIONED

Biolac, PO Box 93, Bonnyrigg NSW, Austrahia
2177: Ph: +61-2-9823-9874

Boaots Co., Australia Pty Lid., 101 Waterico
Road, North Ryde NSW, Australia 2113; Ph:
1-800-226-766; FAX: +61-2-9870-6100

Duvox Pty Ltd., Brotherford NSW, Australia

Eco Pet (Lamb with Vegetables): This is a type
of processed dog food in Australia and contains
crude protein 15% min, crude fat 12.5% min,
crude fiber, 3% min, and salt 0.8%. From Pet
Health Food Product, 17 Amberley Crescent,
Dandenong Victoria 3175, Australia. Ph:
+61-3-9792-1505; 1-800-659-940

Farex/High Protein Baby Cereal, From Heinz
Watties Australasia, Locked Bags 57, Malvern
Vic., Australia 3144; Ph: +61-3-9864-5737;
FAX: +61-3-9864-5524

Nipples and formulas in the United States:
Perfect Pets, Inc., 23180 Sherwood Road,
Beileville, M1 48111-9306; 1-734-461-1362;
FAX 1-734-461-2838; E-mail
GSCHROCK 1 @aoi.com; PetAg Inc.. 261 Keyes
Ave., Hampshire, 1L 60140; 1-800-323-0877,
1-800-323-6878; www.pelag.com

Reckitt Benckiser. 44 Wharf Road, West Ryde
NSW 2114, Australia

Ross Products Division, Abbott Laboratories,
Columbus, OH 43215-1724; 1-800-986-8510;
www.abbott.com, www.ross.com

Shatp Brothers Lab, 12 Hope Street, Ermington
NSW, Australia 2115. Ph; +61-2-9858-3622;
FAX: +61-2-98538-5957

Wombaroo Food Products, PO Box 151, Glen
Osmond, SA Ansiralia 5064; Ph: +61-8-8277-
T788: FAX: +61-8-8277-7045
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Macropods

Rosemary Booth

NATURAL HISTORY

There are over 50 Australian species and 15 New
Guinea species of kangarcos, wallabies, and rat-
kangaroos grouped in the superfamily Macropodoidea
{Flannery 1995; Maynes 1989). The main species kept
in zoos are red-necked wallaby (Macropus rufo-
griseus), red kangaroo (Megaleia rufa). eastem grey
kangaroo (Macropus giganteus), western grey kanga-
roo (Macropus fuliginoesus), parma wallaby (Macropus
parma), and tammar wallaby (Macropus eugenii).
Currently, the total numbers of these species held in
zoos contributing to ISIS (International Species
Information System) are 1039, 849, 324, 265, 165, and
121, respectively (subspecies grouped). Table 10.1 Eists
some natural history data for these species.

The feature that most clearly distinguishes mar-
supials from most other mammals is the immaturity
of their young at birth (Tyndale-Biscoe and fanssens
1988). This places a greater emphasis on lactation in
marsupial reproduction. Some species of kangaroo
can simultaneously suckle two young of different
ages from adjacent teats, secreting milk of two dif-
ferent concentrations {Tyndale-Biscoe and Janssens
1988).

The best studied macropodid is M. eugenii and its
development is indicative of the general pattern. [t is
born after a 28-day gestation weighing 300400 mg
(0.01% of maternai weight). The joey remains per-
manently attached to one teat for one hundred days
by which time it weighs approximately 100 g. At
about day 140, the eyes open, the ears reflect from
the head, and the underfur is visible. By day 160,
the joey is able o stand, the pelage is thickening,
and it produces a concentrated urine indicative of
complete nephrogenesis. By day 180), thyroid func-
tion is fuily developed and the joey is now
tomeothermic. The joey may be seen with its head
otit of pouch nibbling grass at this time but the first
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pouch emergence occurs around day 190. Weaning
can be considered to commence from this time as
herbage forms an increasing proportion of the diet,
however peak milk intake occurs at day 240, The
joey permanently exits the pouch at about day 250
and ceases to suckle between days 300 and 350
(Tyndale-Biscoe and Janssens 1988).

Macropods have been hand reared successfully in
Australia for many decades, with most orphans
resulting from road trauma or shooting. The greatest
wealth of experience has developed with volunteer
wildlife carers who primarily hand rear animals for
retease back to the wild.

The challenges in hand rearing macropods are to
simulate the functions of the pouch (which provides
both psychologicai security and a temperature con-
trolled enviconment until the joey is homeothermic)
and to offer a satisfactory milk replacer, which can
mimic the changing needs of the developing marsu-
pial during pouch life.

RECORD KEEPING

During hand raising it is important to keep a daily
recard of milk intake, fecal and urine production,
fecal consistency, hydration, and behavioral notes
including attitude and appetite. Body weight should
be measured daily initially, but once stabilized,
weekly is sufficient. It is also desirable t0 measure
fhead length, tail length, and foot length monthly and
plot ali measurements on a graph to emphasize
irends. Any unexpected plateaus in weight gain or
linear growth arc indications for a full clinical
examination by a veterinarian.

EQUIPMENT

Commercially made latex teats are available for
macropods (Smith; Wombaroo). The hole in the teat
is best made with sharp scissors and should be big
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Table 10.1. Selectad Natural History Information for Macropods Commonly Kept in Captivity

in Zoos
Macropus Megaieia Macropus Macropus  Macropus  Macropus
Species rufogriseus rufa giganteus tuliginosus partna eugenii
Adult female 14 ke 273 kg 276 kg 27.6 kg 35ke 5.0 kg
weight
Neonatal weight 450 mg 817 mg 740 mg 828 mg 510 mg 370 mg
First off teat 704d 120d 105d
Permanent 2704 2354 3194d 310d 2124 2504
pouch exit
Weaning 360 d 360 d 540d 540d 300d 2704
Sexual maturity 11-21m(F) 14-20m(F) (8m(F) dmi{F) 9-12m(F) 8m(P
BmM  24-36m (M 48mM) IMmMM)  13m(M) 24m(M)
Birth season Jan -Aug All year Oct-Mar Oct-Mar All year Jan-Jun
(Australia)
Estrous cycle 31.9 34.8+0.6 45.,619.8 34,914 .4 41.8 =7 30.6
Gestation 204 332402 36.4=1.6 30.6£2.6 34.540.1 29.3
Postpartum estrus Yes Yes No No No Yes
Embryonic diapause  Yes Yes Yes No Yes Yes

Source: Data from Tyndale-Biscoe and Renfree (1987).

enough that when inverted, milk drips very slowly
from the teal. Latex teats need to be replaced regu-
larly as they become sticky or the hole becomes 100
large. The teats fit onto a range of plastic or glass
bottles. Hygiene is extremely important. All feeding
equipment should be kept free of milk residue by
washing in detergent and scrubbing with a botile
brush. They must then be thoroughiy rinsed before
being sterilized,

Equipment required to hand rear macropods
includes:

Artificial pouch (e.g., sheepskin bag)

Cotton pouch liners (e.g., pillow case)

Heat source (e.g., electric heat pad with thermo-
stat)

Thermometer

Glass/plastic bottles, 50-200 ml

Macropod teats

Tissues/cotion wool for toileting

Moisturizing lotion (e.g., agueous creamy)

Electronic scales for weighing

Calipers and tape measure

Antibacterial solution/boiling water for sterilizing
bottles and teats

Antibactenal washing powder to hygienically laun-
der pouch liners

CRITERIA FOR INTERVENTION

Furless or lightly furred joeys are under constant
close matemnal care within the pouch. If 2 joey of
this age is found away from its mother, then inter-
vention is required. It is a surviva! technique of
macrepods o jettison pouch young when being
chased by predators, and this occurs in captivity
with moderate frequency in response 1o a range of
stressful stimuli such as manual capture by keepers,
or chasing by other animals. The pouch young is
“thrown™ by simultaneous relaxation of the pouch
sphincter muscle and coniraction of the longitudinal
subcutaneous muscles of the pouch that in effect
makes the pouch disappear. Very small pouch
young, which are still permanently atiached to the
nipple, are not a great burden to a fleeing mother,
and furred young, which can come and go from the
pouch, can often be safely reunited with their moth-
er after a chase. The at-risk group is the unfurred,
intermittently attached, pouch-dependent young.
Unweaned orphans will also require hand raising.
Fostering of valuable species to lactating ferales of
a different species but of similar (1) maiernal size,
(2) length of pouch life, and (3) stage of lactation is
possible. All three criteria must be met and the
young of the recipient mother must be removed to
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achieve successful cross-fostering. This has been
used as a tool in endangered species programs to
“double clutch™ valuable macropod species but the
technique is still relatively experimental (Merchant
and Sharman 1966; Schultz 1999),

ASSESSMENT OF THE POUCH YOUNG

On presentation, the joey should receive a full clin-
ical examination including temperature, pulse, and
respiration (TPR). A normal uncompromised joey
should resist handling, seck a pouch, and vocalize.
Marsupials have a lower metabolic rate than euther-
ian (placental) mammals and this is reflected in the
slow resting heart rate and low body temperature.
Normal rectal temperature is 96-99°F (35.5-
37.0°C) (Speare 1988). Ensure the thermometer is
placed in the rectum, not just the cloacs, to obtain an
accurate indication of core body temperature. The
resting heart rate for adult M. rufa is 40 bpm mea-
sured by telemetry (Fanning and Dawson 1989).
Smaller species and young animals have a higher
resting heart rate {range 70-200 bpm). Normal
respiratory rate is in the range of 20-40 bpm,
Normal macropodid young should have prominent
and readily palpable paited cervical thymi.
Prolonged elevation of cortisol for any reason may
cause premature thymic involution and effect abili-
ty to respond to infections.

INITIAL CARE AND STABILIZATION

Orphaned or mismothered young are wsually pre-
sented hypothermic, so warming in a pouch with a
heating unit set at 90-93°F (32-34°C) is the first
requirement. A digital thermometer with a prabe
can be used to monitor the air temperature sur-
rounding the jogy to avoid overheating. Young mar-
supials will be distressed if they are not enclosed in
a substitute pouch. Subcutaneous or intravenous
fluid therapy with solutions containing glucose is
indicated if there has been prolonged hypothermia
and milk deprivation. The lateral tail veins of recur-
rent tarsal veins are suitable sites for intravenous
infusions. The joey should be weighed and mea-
sured during the initial examination so that its age
can be estimated and its feeding requirements can
be calculated while it is warming up.

FORMULAS

Throughout lactation, the composition of marsupial
milk changes, generally with increasing levels of fat
and protein and decreasing levels of carhohydrate in
late lactation. Compared with eutherians, suckling

macropods have a low tolerance for lactose that is
not due to low levels of intestinal lactase activity,
but the result of intracellular localization of lactase
activity {Messer, Crisp, and Czolij 1989). This
means that lactose cannot be digested into mono-
saccharides until after it has been transported into
enterocytes, apparently by relatively slow pinocyto-
sis. Eutherians digest lactose with an enzyme locat-
ed extracellularly on the microvillous tnembrane
(Messer et al. 1989). For this reason. low-lactose
milks are preferable for macropods.

Most work on macropod lactation has been car-
ried out on M. eugenii. In this species total protein
increases significantly during lactation and consists
predominantly of whey proteins. The relative con-
centration of amino acids is quite constant with
some exceptions such as the increase in sulphur-rich
amino acids during hair follicle development. In
early lactation the lipid concentration is low (2% of
whole milk). There is a dramatic increase in lipids
1o around 25% that coincides with the decline in
carbohydrates and the emergence of the young from
the pouch (Merchant 1989). At this time there is a
increase in energy requirement in the young for
independent thermoregulation and locomotion.
Triglycerides account for more than 90% of milk
lipids throughout lactation. The predominant fatty
acids in the triglyceride fraction are palmitic and
oleic acid. This pattern has been confirmed in M. «
banksianus and M. rufa (Merchant et al. 1989}

It has been suggested that changes in milk carbohy-
drate concentration are related 1o the establishment of
conditions in the gut suitable for the microorganistm
populations necessary for the digestion of herbage
(Janssens and Messer 1988). In M. eugenii the carbo-
hydrate concentration varies fromn 3% on day 7 peak-
ing at 13% at day 80 then declining rapidly to 1%
unti] the end of lactation (Merchant 1989). For most
of lactation the predominant carbohydrates are the
higher oligosaccharides with a pattermn of increasing
size followed by a decrease in size to monosaccha-
rides by the end of lactation. Galactose and glucose
predominate as the major saccharide units.

The energy content of M. eugenif milk increases
as lactation proceeds from 250 kJ/100 g at day 7, to
500 kJ/100 g at day 180 with a rapid increase to a
peak of 1150 kJ/100 g by days 250 to 280 (Green,
Merchant, and Newgrain 1988). This increase in
energy content is directly due 1o the increased lipid
i late lactation.

Copper and iron concentrations are substantially
higher in marsuptal mitks than eutherian milks,
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particularly in early lactation when the neonatal
liver has a limited storage capacity. The copper
concentration is initially around 5 mg/l decreasing
to 0.1-1.0 mgA; and the iron concentration is ini-
tially around 20-23 mgA decreasing to 5-7 mg/l
after pouch emergence for M. eugenii and M. «
banksianus (Merchant 1989). By comparison, in
eutherians copper concentration in milk is in the
order of 0.1-0.6 mgA and iron, 0.3-0.5 mg/l.
Supplementation is not generally required for hand
reared joeys, but should be considered if attempting
to hand rear very young orphans.

Wombaroo and Biolac (Smith; Perfect Pets Inc.;
see Resources below) are commercially available
marsupial milks with different concentrations of the
major components to match the needs of joeys in
different stages of development. The development
of Wombaroo macropod miik replacers appears {0
have been associated with better growth rates and
better coat condition although therg is a lack of
objective, controlled experimental evidence to allow
recommendation of one product over another.
Divetelac (Sharpe), a product with a long history of
success with macropods, has recently changed for-
mulation, so the new product cannot be assumed to
be as suitable. Passionate debate has occurred on
which is the best milk to use, but it is possible to
raise joeys on almost any low-lactose formula pro-
vided close atiention is paid to achieving an ade-
quate growth rate and to overall management.

WHAT TO FEED INITIALLY

Orphaned macropods are very susceptible o dietary
diarthea as they adjust from mother’s milk to an
artificial formula. It is good practice to dilute for-
mula with an pral rehydration electrolyte solutjon
on the first two to three days in captivity to allow
adjustment to the new formula. Half strength on day
1, two-thirds on day 2, three-quarter strength on day
3. and full-strength milk on day 4 is an example of
a suitable regime. If it takes longer than this to
adjust to full strength milk there is the risk of insuf-
ficient energy being supplied to the joey.

A moderaiely strict routing of feeding should be
estabiished for each siage of development. Milk
should be fed at a temperature close to body tem-
perature (30-36°C, B6-97°F). This is generally
achieved by immersion in a warm-water bath. If the
joey is a slow feeder, rewarming during the feed
may be required. Temperature of milk affects accep-
tance, so if a joey is a difficult feeder, double-check
the milk temperature with a thermometer. Table
10.2 summarizes the requirements of Macropus

rufogriseus banksianus as a2 model for other macro-
pod species.

NURSING TECHNIQUES

Joeys feed best in the pouch, curled in a half circle
on the iap of their carer, who has one hand cover-
ing the eyes and guiding the joey lo stay on the teat
(see Fig. 10.1}. This prevents disturbing visual
stimuli from distracting the joey. A plastic bottle is
an advantage when teaching a joey to suckle
because drops of milk can be carefully squeezed
from the end of the teat. Patience is essential.
Aspiration is common. Don't attempt to feed new
joeys until they have been warmed up or they will
be unable to suckle properly and will be more like-
ly to aspirate milk. Some joeys pass milk from their
nostrils intermittently during feeding, which is dis-
concerting to the carer but is rarely associated with
aspiration. This can be minimized by reducing the
size of the hole in the teat to slow feeding, and per-
haps by increasing the frequency of feeding to
avoid frantic sucking.

The macropod mother stimulates the joey to void
urine and feces by licking its cloaca (Fig. 10.2a).
The hand-reared joey needs to be toileted after
every feed by gently stroking the cloaca with a
moistened tissue or cotton wool while it is within
the pouch (Fig. 10.2b).

TUBE FEEDING

Tube feeding is rarcly required, but if it is, nasogas-
tric tubing is simpler than the orogastric route.
Lubricate the tube and direct it inferiorly through
the nasal cavity.

FREQUENCY OF FEEDING

The number of feeds per day depends on the age and
state of health of the animal. Small furless or just-
furred joeys require small frequent feeds every two
to three hours including throughout the night. Older
furred joeys require feeding every three to four
hours. The amount and frequency of feeding gradu-
ally decreases once the joey starts to leave the pouch
and begins eating solids. Table 10.2 indicates the
frequency of feeds required for the various stages of
Joey development.

AMOUNTS TO FEED

In general joeys should be fed approximately
10-20% of their body weight daily. Wombaroo pro-
vides charts of total daily intake derved from
weight ®™ and length for various species. Divide the
total daily intake evenly by the number of feeds per
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Table 10.2. Developmentat Milestones and Requirements for Hand-Reared Macropodids Based
on the Red-necked Wallaby Macropus rufogriseus banksianus

Age Weight
(months)  (approx) Features Milk feeds Warmth  Special requirements

4 200 ¢ Furless, eyes closed, ears  7-8 bottles/  32°C Pouch bound. Apply
down but free, yellow 24 hrs lotion to skin twice daily.
custard feces.

5 450 g Furless, eyes open, ears 6 bottles/ 32°C Pouch beund. Apply
erect, thicker yellow feces. 24 hrs lotion to skin daily.

] 800 g Very fine covering of 5 bottles/ 30°C Pouch bound. Apply
fur. Concentrated urine. 24 hrs lotion to tail and feet
Toothpaste consistency daily. Offer dry grass and
feces. soil within pouch.

7 1200 g Short sleek fur, homeo- 4 bottles/ 28°C Starting to emerge from
thermic, soft olive green 24 hrs pouch. Very incoordinated.
pellets. Offer access to grass

outside with constant
access te pouch and under
supervision.

R 1700 g Fur becoming fluffy. 3 bottles/ 20-25°C  Gaining confidence cut
Soft dark green pellets. 24 hrs of pouch, Access to well-

fenced grassy enclosure
during the day. Group
orphans together.

9 2300 g Dense fur. Firm dark 2-1 bottles/ Ambient  Very confident out of
pellets. 24 hrs peuch. Access to well-

fenced, predator-proof,
grassy enclosure day and
night.

10 3000 g Coordinated and Weaned Ambient  Pouch may be removed.
increasingly flighty. Provide natural shelter.

Reduce human contact.
11-12 4-5kg Independent No human contact if for
release.
Source: Modified from Sharon White, unpublished.
day recommended in Table 10.2 for the stage of HOUSING

development,

EXPECTED WEIGHT GAIN

If body weight changes are plotted on a graph
beside expected growth for that species, then any
slowing of growth will be immediately evident and
action can be taken to discover the problem before
it is too late. Relative growth rates are constant for
most of pouch life up until pouch vacation when
growth rates slow. Expected weight gain of M.
giganteus and M. rufogriseus banksianus young are
shown in Figure 10,3,

The young macropod requires an accessible pouch
at all times until permanent pouch exit, access 1o
grazing and/or browsing, and drinking water in a
container that can't be knocked over (Fig. 10.4). At
night they should be placed in a predator-proof
enclosure with a roof, and opague but flexible fenc-
ing. When macropods take flight they rush head
long into fences often with fatal consequences.
Loosely strained chain-link fence covered with dark
shade cloth is ideal. Posts supporting fences should
be on the cutside s0 animals can’t crash into thetn as
they “fence run.” Small macropods require tussocks
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Figure 10.1. Feeding a five-
month-old, furless joey from a
50-ml glass bottle and latex
macropod teat. Joeys should be
fed within the pouch to maintain
tarmperature until they are
homeothermic.

Figure 10.2. (a) The mother stimulates the joey to void urine and feces by licking its cloaca. (b)
The hand-reared josy needs t0 be toileted after every feed by gentiy stroking the cloaca with a
meistened tissue or cotion wool while it is within the pouch.

or low shrubs to provide cover and a sense of secu- PASSIVE AND ACTIVE IMMUNITY

rity. Judicious planting in a corridor paralle! to the

fence assists capture, Shade trees or artificial shel-  Maternal immunoglobulins and milk macrophages
ters are also necessary. play a critical role in the protection of pouch young
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Figure 10.3. Expected body
weight increase with age for
eastern grey kangaroo
(Macropus giganteus) and red-
necked wallaby (Macropus rufo-
griseus). (Based on Wombaroo
information booklet and and
Sharon White, unpublished.)

Figure 10.4. Warm “pouch” for young joeys.

against infection (Merchant 1989). A colostrumiike
secretion has been identified at birth in marsupials
{Deane and Cooper 1988). In the Quokka (Setenix
brachyurus), maternal immunoglebulins in the milk
are absorbed from the gut until first pouch exit at
170 days. In this species, this passively acquired
antibody has a half-life of eight to nine days and has

virtually disappeared from the blood four to six
weeks after cessation of suckling (Yadav 1971).
Active immunity starts 1o develop from approxi-
mately day 10 when Hassall's corpuscles can first
be identified in cervical thymus of S. brachyvurus,
and antibody response 1o antigen can be detected. {n
common wailaroo (Muacropus robustus), pouch
young serum has been found to have an 1gG level of
0.2 mg/ml at day 14, which rose only slightly by day
95. A sudden rise in IgG was delected, initiated
between day 95 and 110, which coincides with the
first release of the teat, which presumably makes the
ingestion of harmful bacteria more likely (Deane
and Cooper 1988). The orphaned young raised on
artificial milk is at greater risk from infectious dis-
easc, and high standards of hygiene are cssential.

POUCH EMERGENCE

Tt appeurs that thermal intolerance between mother
and young is the main stimulus for the joey to
vacate the pouch (Janssens and Rogers 1989), As
the joey matures it gradually gains thermoregulaio-
ry independence. Most macropods finally leave the
pouch at the time when they are approximately 20%
of the maiermmal weight (Rose 1989). The age at
pouch emergence for six species of macropods is
shown in Table 10.1. During hand raising it is
important not to prematurely subject a joey to sepa-
ration from its pouch.

TIME TO WEANING FROM FORMULA
TO SOLID FOOD

There is variation in the time taken from first inges-
tion of grass when the head first emerges from the
pouch, 10 complete wcaning depending on the



70 Hand-Rearing Wild and Domestic Mammals

species (Fig. 10.5). Table 10.1 provides an indica-
tion of the age to expect weaning for various
species. Table 10.2 provides a guide to when to
reduce bottle feeds.

TIPS FOR WEANING

Macropod joeys should be offered solid foods from
the time they are finely furted and sit with their head
out of the pouch. Fresh grass with roots and dirt
attached, chopped apple and carrot, lucerne peilets,
soft hay, and browse (edible leaves such as melaleu-
ca and eucalyptus) are all suitable. Kangaroos and
wallabies are foregut fermenters and inoculation of
the gut with appropriate bacteria presumably occurs
from exposure to the feces of adult apimals of the
same species. Hand-raised joeys should be given
access to fresh adult fecal pellets that have been
confirmed free of parasite oocysts.

COMMON MEOICAL PROBLEMS
Diarrhea

Diarrhea is the most common problem encountered
with orphaned joeys. To successfully manage the
joey with diarrhea, a systematic approach must be
adopied and a prompt response is required. Initially
diet, temperature stress, and psycholegical distress
are the most common causes of diarrhea. As the
symptoms persist, and the gut ftora is altered. spe-
cific and opportunistic pathogens begin to0 play a
bigger role. Chronic mismanaged diarrhea leads to
irntable bowel syndrome with consequences of
malabsorption and failure to thrive.

Noninfectious Causes
Diet

Changes in diet cause changes in gut motility. As
the joey adjusts from its mother’s mitk to any artifi-
cial formu!a, there is often a transitional period of
diarrhea or, less often, constipation. Milk should be
iso-osmotic with plasma te avoid osmotic diarrthea.
Lush green grass can also cause diarrhea during
weaning.

Overfeeding

Feeding 100 much or too frequently can exacerbate
any problems that the gut may be having adjusting
to the milk, so careful calculation of total daily
intake and estimation of number of feeds required
per day is impertant. Correct identification of tim-
ing to reduce number of feeds and increase volume
is also important (see Table 10.2).

Temperature Stress

Temperature fluctuations or inadequate heating are
effective ways to produce a profuse watery diarthea
in a joey. “Stress lines” may also appear in the toe-
nails and growth rate will be poor due to energy lost
trying 1o maintain hody temperature. Inconsistent
growth from any source will produce this toenail
abnormality. A small uncoordinated joey trapped in
a pouch is also susceptible 1o hyperthermia, so reg-
ular double-checking of the temperature within the
pouch is essential. Older joeys can get themselves
out of the pouch if it gets w00 hot.

Flgure 10.5. Weaning begins
when the josy's head first
emerges from the pouch and
grazing commences. During
hand rearing, grass should be
offered to the joey within the
rouch when it is fully furred.
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Bad Management

Bad management includes everything from lack of
routine, variety of carers, noisy environment, poor
attention to hygiene, poor toileting technique, poor
pouch design. premature separation from pouch.
separation from carer when out of the pouch, diffi-
culty getting back into pouch when alone, to poor
feeding technique, Anxiety from any source can
cause significant diarrhea. Be sensitive to the joey's
need for a quiet peaceful environment. Be serene
and nurturing rather than businesslike and brusque,
Do not use the joey as a playmate for children or
domestic pets.

Irritable Bowel Syndrome

An irvitable bowel is the ouicome of chronic, unre-
solved diarrhea. The decreased transit time of diges-
ta through the gut does not allow adequate digestion,
so malnutrition results and death may ensue from
starvation, dehydration, or intercurrent disease.
Changes to the gut mucosa due to chronic inflamma-
tion may make treatment unsuccessful. Prompt diag-
nosis and treatment of diarrhea in the early stages are
required to prevent it

Infectious Causes
Bacterin

Bacteria are often blamed but rarely guilty in the
early stages of diarrhea. In cases unresponsive to
symptematic treatment, fecal culture is advisable to
determine which osganisms are involved to instigate
appropriate antibiotic therapy.

A study of joey fecal flora from 31 clinically
healthy joeys and 31 joeys with clinical diarrhea
found the foliowing pathogens associated with the
following types of diarthea: (1) hemolytic E. coli
was strongly associated with acute liquid diarrhea in
newly captured joeys; (2} Salmonelia spp. were
associated with chronic pasty diarrhea and long-
term caplivity: and (3)Klebsiella spp. were associat-
ed with long-term captivity and acute and chronic
liquid diarrhea (Cargill and Frith 1991). Little
antibiotic resistance was detected in most isolates in
this study, however 36% of isolates (including
100% of Kiebsiella} were resistant to ampicillin/
amoxicillin: 18% of isolates were resistant to sirep-
tomycin; and 10% were resistant to sulfa/sulfa-
trimethoprim. Nonhemolytic £, cofi and Strepio-
coccus spp. were common isolates from joeys with
norma) feces and can be considered normal fecal
flora (Cargill and Frith 1991},

First-line antibiotic therapy is best with the
broad-spectrum  sulfa/sulfa-trimethoprim  drugs
unless fecal culture indicates otherwise. The dose
rate used is as for other species: § mg/kg of the
trimethoprim component P/O OID for five to seven
days.

Yeasts

When numbers of bacteria in the gut have been
reduced by antibiotic use, yeasts such as Candida and
Torulopsis are able to take advantage of the iack of
competition. Under these circumstances, yeasts can
become serious pathogens. In addition to diarrhea,
they may cause white cheesy lesions in the mouth
leading to dysphagia and sickly sweet breath.
Generalized dermatitis may also occur in unfurred
joeys. Candida spp. are associated with chronic pasty
diarrhea and long-term captivity. Terulopsis spp. are
associated with acute pasty diarthea and receni cap-
ture (Cargill and Frith 1991). Any joeys receiving
antibiotic therapy should simulianecusly receive a
course of nystatin to controi veasts at a dose of
5000-10,000 U/kg PO TID for 7-14 days.

Coccidiosis

Coccidiosis is a major disease of macropods and is
caused by protozoans in the genus Eimeria. Animals
siressed by transporiation or wedning seem most
susceptible particularly M. giganteus and Macropus
parryi (Pretty-faced wallaby). Hand-reared individ-
uals seem most susceptible, so milk-transferred
maternal immunity may play a role in protection. In
M. giganteus it seems the major pathogen is E.
wilcanniensis (formerly kogoni)(Beveridge 1993).
Simultaneous infection with several species is usual
and it is frequently impossible to tell which is the
major pathogen (Bevenidge 1993). Coccidian para-
sites are typically host specific. Transmission is via
ingestion of ococysts shed in the feces contaminating
grazing areas. Warm, wet weather enhances oocyst
survival.

Coccidiosis may present as sudden death with no
evidence of diarrhea. In less-acute cases, clinical
signs include depression with dull eyes, hunched
posture, dull coat, anorexia, and diarrhea leading to
dehydration and hypoproteinemia. Death may occur
despite intensive treatment. Diagnosis is based on
history, clinical signs, species, and the presence of
oocysts in the feces. Absence of 00Cysts in the feces
does not preclude diagnosis as intermitient shedding
occurs, Postmortem diagnosis should be suspected
if there is hemorrhagic enteritis with multiple pale
foct 0.5-3 mm diameter in the small intestine.
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Coccidiocidal drugs such as toitrazutil (Baycox)
at a dose of 20 mg/kg P/O or diiodohydrox-
yquinolone (Zoaquin) at 20 mg/kg P/O for three
days are more successful for treatment than coc-
cidiostats such as amprolium, ethopoboate, or
diclazuril. Intravenous fluid therapy with a balanced
electrolyte solution is usually required if clinical
disease is present.

Pelleted food incorporating coccidiostats has
been widely used for captive colonies of macro-
pods. This potentially induces drug resistance in the
protozoan and may gradually reduce the fitness
of the hest to deal with a “normal” parasite,
Optimizing stocking rates and maintaining a normal
social structure helps to reduce stress and minimize
fecal contamination of pasture to provide a drug-
free preventative program. Daily removal of feca
pellets from enclosures particularly around feeding
stations i an essential component of good macro-
podid husbandry. Rotational grazing is also a useful
way to minimize parasite load on pasture.

Plasma transfusions have been used experimen-
tally in an attempt to provide passive immunity to
hand-raised M. giganteus specifically to prevent
clinical coccidiosis. This involves anesthetizing
joeys of 3-3.5 kg and transfusing them with 10
ml/kg plasma collected from an adult animal of the
same species. At least 25 joeys have received this
treatment without adverse effect and it appears to
either prevent or alleviate the severity of coccidiosis
(Biyde, phone conversation with author),

Helminthosis

Helminths are rarely responsible for diarrhea during
hand rearing, but should be considered in the list of
differential diagnoses. The principle pathogen in
juvenile macropods is the blood-sucking nematode
of the small intestine Glebiocephaloides trifidospic-
ularis, which causes anemia, hypoproteinemia,
diarrhea, and mortality when burdens number from
400 to 1500 (Arundel et al. 1990). Young recently
weaned macropods are most susceptible, particular-
ly during midwinter when worm burdens peak in
comjunction with nutritional and cold stress,

Ivermectin is a safe and effective treatment used
at dose rates recommended by the manufacturer for
sheep. Benzimidazoles can also be used with cau-
tion as toxicity has occurred.

Pneumonia

Pneumonma is the second most common problem in
orphaned joeys after diarrhea (Speare 1988).

Aspiration preumonia from impatient feeding is a
common cause. Some joeys routinely discharge
milk through the nostrils during and after feeding
even when fed slowly. This does not always lead to
aspiration pneumonia, bui alarming sounds can be
auscultated from the chest after feeding. These
sounds are often referred from the pharynx but if
they persist an hour after feeding pneurnonia must
be suspected. Clinical signs include dyspnoea,
anorexia, and depression. Coughing is rare,
Radiography assists diagnosis. Gram-negative bac-
teria are the most common isolates. Recovery is
possible if appropriate antibiotic therapy is provid-
ed early enough and if energy intake can be main-
tained. Therapy should be based on culture and sen-
sitivity of a transtracheal wash. Amikacin at 10
mg/kg I'M BID for five 1o seven days is often effec-
tive, Once preumonia is present, animals are more
prone to further aspiration due to the incompatibili-
ty of suckling and gasping.

Cataracts

Cataracts have developed in joeys raised on a vari-
ety of diets including mother-reared captive and
wild joeys. The etiology is unknown. The estimated
prevalence is less than 5% in orphaned joeys
(Speare 1988). Most occur when joeys are starting
io graze. It appears that there is a critical period
when the lens is susceptible to whatever the prob-
lem is. Very rare cases have resolved after a period
of months. It had been suggested that an inability to
digest dietary lactose led to galactosernia, which
then caused osmotic damage 1o the leas. This has
subsequently been refuted by Speare who measured
blood galactose in four affected and five unaffected
joeys and found no elevation in individoals with
cataracts,

CAPTIVE VERSUS WILD

Macropods are very prone to impriming but appro-
priate hand raising can avoid it. Two main problems
associated with imprinting include sexual and non-
sexual aggression from male hard-raised macro-
pods toward people, and neurotic submissive head
tremoring and shaking in response 1o peopie. The
key to aveiding imprinting is to provide only suffi-
cient nurturing to give a sense of security, avoid
subjecting the animal to stimuli that are not relevant
to the species (e.g., children, dogs, TV), detach the
joey from the carer at the age that it would separate
from its mother (see Table 10.1), and expose it to its
own species from as close to the time of pouch
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emergence as possible. The joey shouid be raised to
(1) be fit and healthy (physically and menially). (2}
maintain condition on natural foods. (3) recognize
its pwn species, (4) be familiar with the social
behavior of its species, (5) show appropriate levels
of fear of humans and predator, and (6) not show
evidence of being imprinted on humans.

The uming of psychological detachment from the
carer is very important and is most aided by the
companionship of other animals of the samc
species. Creching of orphans for a number of
months prior to release or introduction to a captive
group is the ideal way to do this. Eastern grey kan-
garoos, western grey kangaroos, red kangaroos. and
wallaroos mature 10 & size big enough to be danger-
ous to humans. It is inappropriate 10 hand raise
males of these species unless you take considerable
care not to imprint the animals and 10 socialize them
with their own kind from an early age (Bach and
Lodewikus 1998: Bellamy 1994; Cooper and
Johnston 1994; Green and Merchant 1988;
Kirkpatrick 1963; McCracken 1991: Sharman,
Frith. and Calaby 1964: White 1997}
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Hedgehogs

lan Robinson

NATURAL HISTORY

Hedgehogs are nocturnal insectivorous mammals
characterized by & coat of hard spines (Fig. 11.1).
Hedgehogs belong to the order Lipotyphla, family
Erinaceidae. This family is split into two subfamilies,
the hairy hedgehogs, or moon rats (Galericinae), and
spiny hedgehogs (Erinaceinae). The order Lipotyphla
also contains the family Tenrecidae, which includes
the hedgehog-tenrecs. Hedgehog-tenrecs are small
spiny insectivores, similar to but smaller than hedge-
hogs. They are naturally found on the islands of
Madagascar and the nearby Comores. but have also
been introduced to Mauritius and Reunion.

Moon rats (Galericinae) have no spines, but are
furry with ratlike tatls. They come from the forests
of Southeast Asia and are increasingly threatened by
deforestation.

Spiny hedgehogs {(subfamily Erinaceinae)

Four genera and 14 species of spiny hedgehog are
recognized, They are spread widely throughout
Europe, Asia, and Africa, but are absent from
Southeast Asia, Australasia (Eurcpean hedgehog
introduced into New Zealand), and North or South
America (Table [1.1).

Hedgehogs are not strongly represented in zoo-
logical collections although they are increasingly
present in “nocturnal houses.” However, in western
Europe the wild western European hedgehog (E.
europaeus ) is held in great affection and is perhaps
the most rescued and rehabilitated species in the
world. The numbers of individuals rescued and
released back into the wild each year by dedicated
rehabilitators numbers thousands. and the informa-
tion in this chapter comes from the work of these
rehabilitators.

Figure 11.1. Juvenile hedgehog.
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Table 11.1. Scientitic and Common Names of Hedgehogs and Their Distribution

Scientific name Common name

Distribution

Erinuceus eurcpaeus
Erinaceus concolaur

Western European hedgehog
Eastern European hedgehog

Western Europe
Eastern Eutope and Asia

Erinaceus amurensis Chinese hedgehog China

Atelerix algirus Algerian hedgehog North Africa

Atelerix albiventris Central African {(white bellied} hedgehog Central Africa

Atelerix frontalis Southern African hedgehog Southern Africa

Atelerix sclateri Somalian hedgehog Somalia

Paraechinus aethiopicus Ethiopian hedgehog North Africa

Paraechinus hypomelas Brant’s or long spined hedgehog Middle East

Paraechinus micropus Indian hedgehog Desert areas of Pakistan and
India

Hemiechinus auritus Long eared hedgehog
Hemiechinus collaris
Hemiechinus duuricus

Hemiechinus hughi

Daurian hedgehog
Hugh's hedgehog

Hardwicke’s or collared hedgehog

North Africa to Mongolia
Pakistan, North West India
Mongolia, Manchuria
Central China

Figure 11.2. Juvenile hedge-
hog on table.

Adult Appearance

The dorsal surface of the bedy is covered in spines
with no hair. Hair is present over the face and in a
skirt around the edge of the spiny coat. The spines
can be erected by strong “erector pili" muscies.
Also, strong subcutaneons muscie layers allow the
hog to roll into a ball. These muscles are the pan-
niculus, which spreads over the back of the hedge-
nog iike a coat, and the circular orbicularis muscle,
which acts like a purse string 1o close the bail and

protect the vulnerable head, legs, and belly (Fig.
11.2).

To uaroll a hedgehog for examination, place it on
a flat table. Gently tickle the middle of the back
with a couple of fingers. Persistence will usually
result in the hedgehog gradually unrolling. Then
move the other hand under the rear of the animal
and gently grasp the back legs. Now Lift the back
legs into the air, being careful to leave the front legs
on the table. The hedgehog will be reluctant 10 take
its front legs off the table and will stay siretched out
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in a “wheelbarrow™ position. However, any excess
sumulation will reselt in instant rerolling. Other
techniques that are uvseful include placing the
hedgehog on a glass or clear plastic plate, and wait-
ing until it unrolls. The underside can then be exam-
ined through the plate.

When disturbed, hedgehogs will snort, and often
will make little upward jumping movements with
their spines erect to deter would-be aggressors. This
behavior is normal, although the snerting is often
mistaken for respiratory distress.

Another unusual hedgehog habit is “self anointing.”
It seems to be triggered by unusual scents, The hedge-
hog will start to produce copious saliva and to anoint
its spines. Sometimes hogs will contort into strange
positions to reach tnaccessible parts of their bodies.
The reason for this behavior is unknown. It has been
suggested that in the wild hedgehogs chew toad skin,
containing poisons, and anoint themselves with the
poison to make their spines a more effective defense,
This is highly speculative, although the behavior has
been observed in the wild,

Both these behaviors can be observed from quite
& young age, so be prepared to encounter them.

Natural Behavior

Adults are solitary, but share overlapping home
ranges, each of which may extend over several acres.
Each hedgehog builds several nests in its home range
and will visit the nearest nest at the end of a night's
foraging, spending the daylight hours concealed. It is
abnormal to find a hedgehog out of its nest and active
during the hours of daylight. The home range is not
defended or marked. although aggressive behavior
may occur during the mating season.

Radiotracking studies indicate that both adult and
juvenile hedgehogs released after a period in captivity

Table 11.2. Biological Data

rapidly adopt nawral behavior patterns, although some
dispersal from the site of release may take piace.

Table 11.2 outlines growth of the hedgehog from
newborn to four months.

A female produces two litters per year. Juveniles
must weigh approximately 500 g to survive their first
hibernation. Hibernation occurs at temperatures
below 36°F (8°C), although hogs will emerge during
spells of warm winter weather. In the autumn as food
supplies become scarce, small juveniles (150-300 g)
from second litters can be found out during the day,
often weak and emaciated. These hedgehogs can be
successfully reared through the winter and will
remain aclive and feeding, if maintained in an artifi-
cially heated (frost-free) environment,

RECORD KEEPING
It is useful to keep track of the following:

Body weight—best kept as a rolling mean or
graphically. It is difficult 1o weigh a wriggly
hedgehog accurately, and weight can fluctuate
daily, especiaily when hoglets start 1o wean
themselves. However, an underlying upward
trend is essential.

Volume or food taken each feed; comments on
{eeding behavior.

Toileting—passing urine and feces; comments on
color and consistency.

Evidence of self-feeding.

Any other comments,

EQUIPMENT
These iterns are needed for hand rearing:

i. Syringes or feeding botiles for orphan kittens
(Catac; PetAg). Teats used for orphan kittens
are adequate for all but the tiniest hoglets.

Age Normal weight Appearance

Newborn 12-20 grams White spines covered by a swollen cutis producing a smooth sur-
face. Ears and eyes closed. Umbilical remnant visible.

2-3 days Brown spines start 1o grow.

7 days 50 grams Hair starts to grow.

12-14 days Eyes start to open.

21-23 days 100 grams Deciduous teeth start to erupt,

3-5 weeks 100-200 grams Youngsters leave nest and go on foraging expeditions with mother,

46 weeks Families split up and juveniles become independent.

7-9 weeks 250-300 grams Permanent teeth begin to erupt.

4 months

Last deciduous teeth lost.
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Smaller teats can be made by dipping a blunted
hypodermic needle into mode]l maker's latex,
allowing it to dry and then repeating the
process to build up layers until the feat is the
required thickness.

2. Scales, preferably electronic digital type, mea-
suring 1-g intervals.

CRITERIA FOR INTERVENTION

Intervention is most often called for in the following
cases: (1) nest disturbed, infants (hoglets) aban-
doned by mother; and (2) autumn juveniles, too
small 10 hibernate and out during the day.

INITIAL CARE

Hoglets may be hypothermic when first found aban-
doned. Place in an incubator at 86°F (30°C) and
ensure they are thoroughly warm before feeding.
Feed at two- to four-hour intervals depending on
weight. Very tiny hogs may require feeds every two
hours. Once they are 60 g or more, feeds every four
hours are adequate, and over 80 g can go through
the night without a feed. The first feed should be
oral rehydration fluid (such as Pedialyte [Ross]).
Consecutive feeds should then be one-fourth. one-
half, and three-fourths Esbilac with Pedialyte until
fuli-strength milk is finally used. This not only
treats any dehydration, but also allows the gastroin-
testinal tract to adjust 1o the new diet. :

WHAT TO FEED

Feed hoglets a milk substitute such as liquid Esbilac
{PetAg) or similar puppy or kitten milk replacer. We
find ready-made liquids more reliable than pow-
dered milk as they eliminate mixing ervors and
lumps, which can cause gastrointestinal upsets. To
avoid wastage, open a can and pour the excess into
plastic ice-cube rays and place them in the freezer.
Each feed, a fresh frozen cube may be defrosted.
Goat’s colostrum is a popular natural aliernative to
proprietary brands, but must be from milkings dur-
ing the first 48 hours after kidding.

DAILY ROUTINE

Before the first feed in the morming, weigh each
hoglet. In the wild, hoglets average 4-§ g weight
gain per day from birth to independence at 250 g
plus. Hand-reared hedgehogs should gain weight
from 1.5 g/day under 60 g to 6-7 g per day when
fully weaned.

Feed each individual with teat and syringe or bot-
tle as preferred. Hoglets naturally press their front

feet into their mother’s mammary glands to stimu-
late milk letdown. Therefore, allowing the hoglet to
simulate this natral behavior can aid suckling. Do
not dangle them in the air, but hold them on a sur-
face with a good grip and allow them to push for-
ward against the resistance of your hand. Hogs of
60-80 g should take 5 ml per feed. Between 80 g
and 100 g, 7-10 ml per feed is common and the fre-
quency of feeding may be reduced. Also at this
weight, hoglets wiil start to lap milk from a bowl,
further reducing the need for hand feeding.

After feeding, the hoglet must be “toileted,” or
encouraged to pass urine and feces by stimulating
the perireum. This may be done with a damp cotton
bud. An adequate quantity of both must be pro-
duced. If the perineum starts to look score after
repeaied stimulation, petroleum jelly or a soothing
emollient ointment can be used—homeopathic
remedies such as calendula are popular for this pur-
pose, Color and consistency of feces can be a useful
indicator of health. Normal feces when on an all-
milk diet are pale greenish brown and the consisten-
cy of toothpaste.

HYGIENE

All equipment should be washed and sanitized after
use. Between feeds, washing in detergent and keep-
ing immersed in sterilizing fluid (with sterilizing
tablets—Unichem) suwitable for human babies is
adequate. Syringes should be disposed of and
renewed frequently, preferably daily. Teats and bot-
tles should be autoclaved or steam sterilized daily if
possible. If a number of litters are being reared, they
should be isolated from each other and separate
equipment should be kept for each litter. Aill sur-
faces, scales, and other items should be sanitized
between handling each litter. Disposable gloves
should be wom and changed between each litter.
Practice good barrier nursing technique to prevent
the possible spread of infections between litiers.

HOUSING

Incubator or vivarium with heat source and thermo-
stat are ideal. Hoglets should start off maintained at
86°F (30°C). While under 100 g, they are best kept
together in an artificial nest. We use plastic mar-
garine tubs lined with soft tissue paper. Once over
100 g, hoglets start to become more active. They are
best provided with a temperature gradient that
allows them a nesting area in the hot spot, and a
slightly cooler area where they can be active and
where food is provided. When their body weight is
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between 150 g and 200 g, the temperature may
gradually be reduced to room temperature before
moving to the next stage.

TIPS FOR WEANING

Hoglets are first offered milk in a bowl 10 lap, Then
when lapping is established they are offered tinned
invalid diet (Hill's AD Prescription Diet) mixed with
an insect mix intended for birds (Bogena Universal or
KayTee Exact Sofibill diet). At first they seem to
mainly walk in this then lick it off themselves.
Sometimes offering a little of the mix on the end of a
finger will start them eating. As quantity eaten
increases, hand feeding can be reduced. Daily weight
gain should be maintained and if at any time weights
start to go down, then reverse the process and
increase by one milk feed. Once weaned and weigh-
ing 200 g or more, young hedgehogs are moved out
of the incubators and “hardened off.” We use plastic
water tubs for this purpose. They are a suitable size,
hedgehogs can’t escape because they have high
smooth walls, and they are easy 1o clean and sanitize
between litters, Here they are bedded on shavings and
have room to forage for themselves and make nests in
the shavings—nest-making behavior is essential to
survival in the wild. They are fed twice daily and
cleaned out and weighed twice weekly. If it is cold, a
ceramic radiant heat lamp is placed over one end of
the tub,

During this time they are gradually changed from
weaning diet to adult diet (see Table 11.3}.
Hedgehogs are kept inside in tubs until they reach
350 g. During the summer they are then moved out-
side to natural enclosures prior 1o release. In the
autumn and winter they are kept inside at room tem-
perature until they reach 500 g. They are then
released during mild spells or in the spring.

COMMON MEDICAL PROBLEMS

Hedgehogs have been described as walking biohaz-
ards and are susceptible to a multitude of diseases,
several of which are zoonotic (passed 1o humans),
Good hygienic practice is therefore essential at all
times when handling hedgehogs.

GI Tract Infections

Salmonellosis. British hedgehogs commonly carry
Salmonella enteriditis phage type 11. Fortunately
this is of low infectivity to humans but still has
zoonotic potential. Other Salmonellae are not
UNCOMMON.

Table 11.3. Adult Hedgehog Diet

Mix together:

1 tin puppy food

1 tin cat food

1 Pancrex V capsule (mixed pancreatic enzyme
supplement)’

1 teaspoon SA37 (multivitamin mineral supple-
ment)?

Feed small quantity according to size of individual
animal.

Feed in double bowls as they do not spill the water
as easily.

Feed BID (twice daily) at 8 a.m. and 8 p.m. unless
otherwise directed.

"Pharmacia & Upjohn Ltd., West Sussex, England.
ntervet UK Ltd., Cambridge, England.

Coccidiosis. Both Eimeria spp. and Isospora spp.
occur in hedgehogs and can cause disease in
unweaned hoglets.

Internal Parasites

Most parasites require a secondary host, a slug,
snail, or insect, to complete their life cycle.
Therefore, hedgehogs must have access to natural
food to become infected. In the wild, late-born hogs
too small to hibernate are often heavily infected
with a range of parasites, due to accumulation of
infection in the food chain over the summer.

Gut Werms

Nematiodes. Capitlaria spp. are very common and
can cause disease. Intestinal fluke Brachelaemus
erinacae also commonly cause clinical signs.
Tapeworms {cestodes) and thorny headed worms
(acanthocephala} are also common, but often with
no apparent ifl-effect,

Lung Worm

Capillaria aerophila and Crenosoma striatum can
oceur in nearly 100% of autumn juveniles and are a
cause of significant disease and mortality.

Skin Diseases and External Parasites

Ringworm. Trichophyton mentagrophytes ver. ering-
cel oceurs commonly in western European hedge-
hogs and can cause disease. Also, approximately
20% of individuals are symptomless carriers. This
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disease is probably the most important zconosis of
hedgehogs, and is certainly the most commonly con-
tracted zoonosis of rehahilitators in the U.K.

Mires. Caparinia tripilis are common and can be
synergistic with ringworm infection. Both sarcoptic
and demodectic mange alse occurs.

Fly-strike (Myiasis). Injured or debilitated hedge-
hogs are commonly targeted by blowflies, which lay
clusters of eggs on the skin between the spines and
around all body orifices. When they haich, the mag-
gots can invade the mouth, anus, ears, and genitalia,
and also burrow beneath the skin, especially around
skin wounds. Great care must be taken of hedge-
hogs during the summer when biowflies are present
to check for and remove any eggs or maggots.

SOURCES FOR PRODUCTS MENTIONED

Bogena NL, Postbus 120, 5320 AC Hedel,
Netherlands: www.bogena.com

Catac Products Ltd., Catac House, 1 Newnham
5t., Bedford MK40 3JR England;
www.catac.co.uk

Hills Pet Nutrition, USA; 1-800-445-5777.
www.sciencediet.com

KayTee Exact Sofibill diet, www.kaytee.com

PetAg Inc,, 261 Keyes Ave., Hampshire, 1L
60140; 1-800-323-0877, 1-800-323-6878;
www.petag.com

Ross Producis Division, Abbott Laborateries,
Columbus, OH 43215-1724: 1-800-986-851(
www.abboti.com, www.ross.com

Unichem, Surrey. England
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Sloths

Judy Avey-Arroyo

NATURAL HISTORY

Two of the five species of sloths found in the
Neotropics are found in Costa Rica where Aviarios
del Caribe Sloth Rescue and Rehabilitation Center
ts located. All species of sloths have three toes (i.e.,
three digits on the rear legs), therefore it might be
preferable to forgo the old terminology of two-toed
and three-toed sloths and instead call them two- and
three-fingered sloths (Fig. 12.1).

The average birth weight of a two-fingered sloth
(Choloepus haffmanni) is 350~550 grams, and for a
three-fingered sloth (Bradypus variegatus) is
300-450 grams. Births occur year-round for hoth
species found along the Caribbean lowlands of
Costa Rica (1wo-fingered to 3300 meters and three-
fingered to 2400 meters), which are moist-to-rainy
year-round. Little is known about seasonality of
births throughoui the rest of the country. Births may
be seasonal due to the distinct dry and wet seasons
of the Guanacaste/Pacific regions, the extended dry
seasor limiting new bud/leaf growth during part of
the year for nursing mothers and weaning young.

RECORD KEEPING

Keep a daily log of food intake (milk and solids),
fecal and urine production, fecal consistency. body
weight, and behavioral notes including attitude and
appetite. Both species have ematic fecal output
times. For infanis up 10 one moruth of age, urination
is quite regular, every 3 10 5 days; fecal ocutput can
range from every 3 to 4 days up to 12 days. Fecal
output should then become regular, every 3 to 8
days, depending on the individual, In both species
defecation almost always occurs with vrination;
however, it is not unusual for urination o oceur
without defecation. Body weight should be logged
daily for general record keeping but actual body
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weight gain {(or loss) will be found by weighing
immediately after defecation and urination, giving
an accurate reading for weight gain or loss. This
schedule of weighing should be continued for at
least the first year, then monthly weight checks
should be sufficient, always just after defecation and
urination.

FORMULAS

Both species of sloths from newborn until they
reach about 12 weeks of age are a challenge to hand
raise, the three-fingered being the more difficult.
There have been no milk composition studies car-
ried out on either species, at least none have been
published, so there are no hard and fast nutritional
rules to follow.

When infant sloths arrive at the center, because
there is no history, both species of any age are rehy-
drated by giving them 5 m! of Pedialyte (Ross) per

Figure 12.1. Two-fingered sloth infant.
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500 g body weight every 20 to 30 minutes during
the day. Use an eyedropper or a pet nurser to deliv-
er the fluids. Continue giving the fiuids until the
infant has urinated at least twice. This process may
take two to three days, depending on the hydration
status of the infant. Once the infant is sufficientiy
rehydrated and is urinating, the oral fluids may be
discontinued. The infant sloth wiil then urinate nor-
mally after that.

Two-fingered Sloths

Five two-fingered sloths have been successfully
hand reared at the Aviarios Center. On arrival, two
were newborns and three were between three and
four weeks of age. Two were raised on fresh goat
milk {goat was milked each moming). and three on
powdered whole goat milk (Meyenberg Powdered
Goat Milk, Jackson-Mitchell). A new version,
Mevenberg “Instant,” is now available. At Aviarios,
the former formula is preferred due to successful
results, and to date there have been no opportunities
to test the instant version from newborn to weaning,
However, at the time of writing, an infant two-
fingered sloth that arrived at the center at approxi-
mately four days after birth is being hand reared on
the Meyenberg “Instant” formula and at 61 days old
is doing very well.

The powdered milk must be prepared far that
day’s use (if you are feeding through the night, pre-
pare enough formula for each 24-hour period), dis-
carding any left over. Mix one level tablespoon
Meyenberg powder with ope tablespoon boiling
water, forming a paste with no lumps. Add warm
water to equal 2 fluid ounces {60 ml). Pass the
formula through a fine strainer to remove any re-
maining lumps that mighi clog the nipple hole. This
formula should be reduced by half with sterile water
{one-half of the mixed formula and one-half water)
for the first two days feedings afier the infant’s
arrival (no matter the age), gradually reducing the
amount of extra water to reach the full-strength for-
mula, over a four-day period.

Heat fresh goat milk just 1o the hoiling point,
refngerate, and throw away leftovers at the end of
the day’s (or 24 hours) needs. Store-bought whole
goat milk and fresh goat milk, after sterilizing, may
be frozen in ice-cube trays. Remove the frozen
cubes, transfer them to a tightly closed heavy plas-
tic bag (Ziploc Freezer Bag from Johnson), and
squeeze out al! the air. The cubes may be kept for up
10 six weeks in the freezer.

Measure the amount of milk needed for one feed-
ing into the Pet Nurser and warm it in a hot-water
bath. It should be just above warm, not hot. Always
test it on your wrist. Microwave heating is not
advised, as it can cause a breakdown in the milk
resulting in digestive upsets. When the infant sloth
is approximately five weeks old, or 500 g, 1 tsp (5
mb) of Eshilac powder {PetAg) may be added to the
2 oz (60 ml) of goat milk formula, and by seven
weeks of age, 2 tsp (10 mi) are mixed into the for-
mula. The feces will show tiny white fiecks, which
is mormal for baby sloths fed Esbilac.

A two-fingered sloth that weighs more that 1000
g or is five months old on arrival at a rescue center
should not be given the goat milk formula, instead
offering hard-cooked egg and dark meat from chick-
en as a source of protetn, along with vitamin/miner-
al drops such as ACTIVON lunior or Poly-Vi-Sol
(Stein: Bristol-Meyers). A three-fingered sloth over
850 g or four months of age should be given only
leaves with vitamin/mineral drops. Worth repeating
again: upon arrival to a rescue center hoth species
should be given a rehydration formula such as
Pedialyte (Ross) as a matter of course until the sloth
has urinated at least twice. Dehydration may be
diagnosed by the appearance of the eyes and
mucous membranes, and additionally in two-
fingered sloths by the appearance of the palms of
the hands and feet. They should appear smooth,
shiny, and slightly plump. The skin of both species
is very tight on the bedy and cannot be lifted up in
the usual manner 1o test for the dehydration.

Cow's milk appears to be the common denomina-
tor in infant sloth mortality, Infant sloths of both
species who were fed cow’s milk in any form before
arriving at Aviarios Rescue Center presenied with
unstoppable diarrhea and died, Their digestive sys-
tems appeared to be irreparably damaged.

Other formulas (Nestle’s canned Evaporated Milk
+ water; Esbilac; KMR: whole cow’s miik) have
been tried at various zoos, with two-fingered
orphans, with varying degrees of success (Merritt
1986). Severai of these formulas have been tned at
Aviarios Rescue Center, but without success, mak-
ing both fresh and powdered goat milk the formuola
of choice for us.

Three-fingered Sloths

The center has not successfully hand reared a three-
fingered sloth from neonate 1o three months of age
on arrival, therefore, the wrgency of conducting
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Figure 12.2. Bottle-feeding a
sloth.

mother's milk composition studies remains. We
coptinpe to work with different formulas when
these infant sloths are brought to the center.

NURSING TECHNIQUES

Both species of sloths will readily nurse frem a Four
Paws 2-0z Pet Nurser (Poly). Using a hot needle,
make a small hole in the new nipple that, when the
bottle is squeezed, releases a fine stream of milk.
Before first use, boil the nipples in water with three
drops of dish scap for four minutes to remove the
bumed rubber taste. Boil again in clear water o
remove all traces of soap. {The infant could refuse
an untreated nipple and thereafter refuse to nurse
from the Pet Norser nipple.) Bottles, nipples, and
eyedroppers must always be boiled before each use.

If the infant is under 500 g, its mouth is probably
too small to accommodate the Pet Nurser nipple,
and you wil! have 1o use a glass eyefear dropper
with a straight tip (Optic). Permanent teeth erupt
before birth. Only the two-fingered sloths have
canines and neither species has incisors, so care
must be taken to keep the tip of the eyedropper in
the center of the mouth where there are no teeth, and
not allow the sloth to move the glass eyedropper to
the side of the mouth to bite. Insert the tip of the
dropper no more than 1/4 in (0.6 cm) and squeeze
the bulb drop by drop, encouraging the infant to
suckle. Avoid having to refill the dropper several
times denng a feeding session, as interrupting nurs-
ing could result in the infant losing interesi. To

accomplish this, fill the tube with formula, invert
and squeeze the air out of the tube, reinsert the drop-
per into the formula and take up more formula;
repeat the process until all the air has been expelled
from the eyedropper and the buib and glass tube are
filled with formula. The infant may then be fed
smoothly and you won’t have to stop and refill the
tube. Remove the tip from the mouth to allow air to
enter the eyedropper as the sioth drinks the milk, but
only briefly. A feeding may take up to a half hour to
complete, 50 you must be patient. A healthy infamt
will suckle with brief pauses until it reaches satia-
tion.

An infant of 600 g showld easily suckle from the
Pet Nurser nipple. During feedings, hold the infant
stomach-side down at no more than a 30-degree
angle, preventing accidental inhalation of formula,
which could result in inhalation pneumonia and
death. The angle should be approximately that
which the infant expenences when mother-raised.
Babies lie on their mothers’™ stomachs while suck-
ling and eating their first sclid foods. They do not
gain the ability to take in food, cat, and swallow
while hanging upside down until at least six months
of age. After about four months of age, as the infant
progresses in age and size, you may deviate from
this position and angle of approach.

FREQUENCY OF FEEDING

Newborn sloths of both species require round-the-
clock feedings every two hours for at least the first
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30 days, allowing the body temperature time to sta-
bilize and to ensure that the suckling response is
strong and dependably present. The feedings
between midnight and 6 a.M. may be discontinued
as the infant gains strength and size. If in douht,
continue with at least one nighttime feeding, how-
ever no more than eight weeks are necessary. At
about one month of age both species will vocalize
when they are hungry, the three-fingered with a
shrill, whistlelike call, and the two-fingered with a
bleating, more humanlike *‘maa, maa” sound.

AMOUNTS TO FEED

Newboms of both species to four weeks should take
5-10 mi of formula per feeding every two to three
hours. Four to eight weeks, 8-15 ml every four
hours, increasing as the infant demands. Weight
gain is the best indicator o increase milk consump-
tion. Milk should be continued to at least five to six
months of age for the two-fingered sloth and to four
months for the three-fingered sloth if milk was
offered and accepted before the fourth month, dur-
ing which time the amount has been increased to 80
ml over a 12-hour petiod. Two drops of liquid vita-
min/mineral solution for each 20 ml of formula
should be given by glass eyedropper from newborn
to approximately 800 g weight or 12-13 weeks of
age. As growth rate and weight gain level off,
increase to three drops. All infant two-and three-
fingered sloths should be offered water by eyedrop-
per or Pet Nurser two 1o three times per day. A good
indicater of excellent health in the two-fingered
young sloth is the appearance of the palms of the
hands and feet. They should be smooth, shiny, and

rather plump. The nosc sheuld be shiny, smooth, but
not wet. Two-fingered sloths sweat through the
nose; tiny drops appear when the animal is excited
or too hot. Bright eyes and & dry smooth nose are
good indicators of a healthy three-fingered baby
sloth, Both species should appear alert and at about
two to three weeks of age should show a keen inter-
est in their surroundings, by sniffing and pulling
objcets to the mouth, batting at an extended finger,
pulling it to its mouth to bite. The infant two-
fingered sloth licks everything it comes in contact
with; a very good reason to wash the hands well
before handling babies.

EXPECTED WEIGHT GAIN

At birth, a two-fingered sloth should weigh
350-550 g; by 4 months, approximately 1000 g at
6 months 1300 g; at 12 months, 24 g. A three-
fingered sloth weighs approximately 300450 g at
hirth and at 6 months, approximately 1200 g (Fig.
12.3).

Body weight should be logged daily for general
record keeping, but actual weight gain or loss will
be shown by weighing immediately after urination
and defecation, A weight gain of approximately 20
g of more in a two-fingered sloth should be expect-
ed each week for the first 2 momths, 30 g or more
per week in the third and fourth manths, with a
weight of approximately 2400 g by 12 months of
age. Weight gains haven‘t been recorded for the
three-fingered sloth from birth through three
months. However, 2 gain of 30 g or more should be
expected per week. Because sloths defecate and uri-
nate at great intervals, it is rather difficult to mont-

Weight in grarme

Figure 12.3. Expected weaight
gain from birth to 45 weeks for

a male Choloepus holfmanni in 0

caplivity.

Cholospus hoffmannt in captivity
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tor daily progress. If an infant doesn’t gain weight,
or actually loses weight after defecation and urina-
tion and seems otherwise healthy, increase the fre-
quency of feedings, that is, every three hours and
through the night if under three months, or more
solid foods more frequently if over three months.

HOUSING AND SPECIAL COMFORT
NEEDS

Both species of sloths are heterothermic; body tem-
perature fluctuates with the ambient temperature,
dropping by as much as 5°C during the night or
times of heavy rain. Mothers and babies both have
sparser belly hair allowing the heat from the moth-
er's body to transfer to the infant. For these reasons
it is very important to maintain a constant tempera-
ture for the infant until at Jeast three months of age.
This may be accomplished with an isolette (incuba-
tor} used for human babies. Ideaily the isoletie wiil
have a built-in humidity source. For a newborn to a
three-month-old, whose need for warmth is most
critical, should an isolette not be available, use an
electric heating pad (Sunbeam P.N.) with at least 6
in (15 cm) of terry-cloth towels folded on top of the
heating pad, which is set on the lowest setting. The
heating pad must be placed flat in the bottom of a
cardboard box. with the box measuring at least 20 in
(51 cm) high. and the bottom being the same size as
the heating pad (13 in X 16 in or 33 cm X 40 cm).
The t¢mperature in the box must always be moni-
tored. An indoorfoutdoor thermometer may be taped
10 the inside wall of the box and should register
between 70 and 80°F {25-27°C).

A rolled terry-cloth towel or stuffed animal
{remove all plastic pieces; i.e., eyes, noses) should
be provided as a surrogate mother for the baby 1o lie
on and cling t0. Babies should always be picked up
or handled on the surrogate mother as their adapta-
tion 1o cling to their mother is so strong that they
easily panic if not allowed to cling. When the sloth
reaches four months of age the box may be replaced
with a plastic-coated wire cage (30 in X 16in X 20
in) or {75 cm X 40 cm X 51 cm) with & washable
solid plastic floor. The heating pad can be eliminat-
ed but ample towels should be provided under
which the sloths will burrow for warmth as much as
for security. Terry-cloth towels must always be
checked for holes and/or frayed edges with strings
because, as the babies move and wm about, their
heads or legs may become entangled causing stran-
gulation or cut-off circulation,

When the sloth is about five to six months of age,
a tree branch of appropriate diameter for the nails

may be securely attached to the cage for climbing.
The bones and muscles aren’t sufficiently developed
for the sloth to hang upside down independently
until then.

At around four to five months of age, the young
of both species may be introduced 1o a “toilet tree.”
This may be a small living tree outdoors of approx-
imately 3—4 in (7.5-10 cm) in diameter, or, if a liv-
ing tree is unavailable, any similar substitute. Place
the young sloth on the ground at the base of the tree
with its arms and legs wrapped around the tree trunk
(this might require two people. one person handling
the front legs and cne handling the back legs). This
may be done every day and will encourage the
sloth’s natural instinct to defecate at the base of a
tree. The three-fingered sloth uses its tail (34 in
long as an adult) to move leaf debris and soil away
in order 1o deposit feces in the resulting depression.
The two-fingered sloth wiggies its behind on the
ground to accomplish the same result. Toilet 1rain-
ing is beneficial 1o sloths in captivity as well as
those scheduled for release to the wild.

IMMUNE STATUS AND SPECIAL NEEDS

Great care must be taken in handling orphaned new-
born infants of both species as they are not protect-
ed by the immunoglobulins from the mother’s
colostrum. It is a given that those babies separated
from their mothers cannot be retumed to their moth-
ers in the wild because of the difficulty in identify-
ing the actual mother and returning the baby to her
in the canopy. Many rescued sloths of both species,
in the tropical countries in which they are found, are
removed from homes in which they have been kept
as pets. They are susceptible to sarcoptic mange due
to stress caused by improper diet and/or handling. In
a zoo situation, there are most likely extenuating
circumstances by which a baby is orphaned or sep-
arated from its mother thae preclude returning it to
its mother.

Infants of either species orphaned after three
months of age, with care taken in their diet, han-
dling, and housing, are generally hardy, and thrive.

Baby sloths of both species spend the first four to
five months of life clinging to their mothers” bellies.
therefore it is recommended that an infapt be held
and cuddled against the caregiver’s chest as often as
possible and for as long as possible at every oppor-
tunity throughout its development. Holding the
infani on its surrogate mother, encourage it (o move
onto the caregivet's chest where it will cling while
being supported with one hand, then cover it with a
small hand towel or infant receiving blanket. It
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Figure 12.4. Introducing solid
foods to a sloth infant.

seems 10 willingly leave the surrogate mother for
the caregiver. Reverse the process to return it from
the chest to the surrogate mother and into its nest
box. This handling seems to be a very important fac-
tor in the infant’s will to live. A few moments cud-
dling after the nighttime feedings seems to be criti-
cal for the infant’s well-being.

Baby sloths don’t appear to mind beiag handled
by different persons if handling is begun early on. It
is a very good idea to accustom the two-fingered
sloth who is to remain in captivity to being handled
by various persons, This will help lay a foundation
of trust to enable caretakers to handle the same sloth
as an adult without causing undue siress, as a two-
fingered sloth can deliver terrific injuries with its
teeth and nails if it feels threatened. An infant three-
fingered sloth requires cuddling and contact with
human handlers until it reaches approximately
10-12 months of age—the age of social weaning
from the mother. Three-fingered sloths are always
docile and may be handled throughout their life
without harming their handlers. The juvenile may
then be introduced into a cage (9 ft X 9 ft X 6 ftor
Im X 3m X 2 m)with a cement floor with
drainage for ease of cleaning, using 1 1/2-in cyclone
fencing wire, along with its sleep box until ready for
release. If a two-fingered sloth is to remain in cap-
tivity, it is recommended that regular handling be
continued throughout its life.

The young of both species begin to play, batting
at an extended finger, sniffing, licking, and testing
with the teeth, at around two weeks. They must be
encouraged to explore and to develop an interest in
their surroundings.

Exposure to the early moming sun for at least a
half hour for infants up to five months old is very
important for thermoregulation. When toilet train-
ing is begun, at least an hour outdoors in the eatly
morning or late aftemoon is recommended.

TIME TO WEANING

Two-fingered sloths are generally eating on their
own at 6 to 7 months, however they have been
observed in the wild suckling at 10 1/4 months
(hand-reared two-fingered sloths should be weaned
from milk by 8 months). Social weaning by the
mother could oceur any time between one year and
a year and a half,

A three-fingered sloth is usually weaned from
mother’s milk at around four months. From two 10
three weeks, it is eating leaves, first from around the
mother's mouth, until at about three months it is
pulling leaves to its mouth from branches as its
mother feeds herself. The baby ventures away from
its mother for short excursions at four months. and
climbs well. It has not been documented at what age
the three-fingered sloth is socially weaned from the
mother, but commonly thought to be approximately
8-10 months.

TIPS FOR WEANING FROM FORMULA
TO SOLID FOOD

For two-fingered sloth babies begin weaning from
formula to solids by offering each new food item
before the scheduled milk formula feeding (Fig.
12.4). If an infant refuses after several attempts, the
preferred food item (e.g.. carrots, green beans) may
be pureed and added to the formala in the bottle. To
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allow the heavier consistency to pass through the
nipple, enlarge the hole using the same method as
yot would a new nipple (see Nursing Techniques
above).

Solid Foods—Two-fingered Sloths

Beginning at five weeks of age, or around 600 g
body weight, introduce solid foods to the diet. Begin
with steamed green beans. They should be quite soft
for ease in biting off pieces and chewing. Begin by
feeding one to two beans once a day, allow about
8-10 days to pass to ensure that the infant is han-
dling the solid food well. Continue adding other
steamed foods such as carrots, chayote (green sum-
mer pear squash). yellow (winter) squash, or sweet
potatoes (yams). At about 1000 g {three months of
age. approximately). as the infant has developed a
taste for these food items, begin adding fruits, such
as bananas, mangos (both green and slightly
ripened), grapes (the seeds must always be
removed), apples, and other sweet fruits. Protein in
the form of muscle (thigh and leg) meat from chick-
en (cubed and boiled in water for one minute) and
hard-cooked egg can also be added at this tirne.
Beginning at about four months, add to the diet a
high-protein bread cubed and softened in goat mitk,
and at about five and a half months add an excellent
quality puppy food, such as Eukanuba, [AMS, or
Science Diet, completely softened in goat’s milk
during the first two months, then switching to water.
After the sloth is eating the dog food well, discon-
tinue the protein bread. Always wait two bowel
movements after each introduced food item to deter-
mine if there are digestive problems. There should
be no problems. and any new food could cause soft
stool, but if very loose stool or diarthea occurs, dis-
continue food item and try again in two weeks to
allow more time for the digestive system to matute.
The feces of an infant stoth with a milk diet will be
light tan to caramel colered, elongated 1o about !
cm with a rather rough textured surface. They may
form a single compacted pelict until the digestive
system stabilizes with a new diet. As solids are
added, the pellets become darker brown, almost
black in color, rounder, smoother. and separated,
and they should be firm.

To facilitate the sloth feeding itse)f with its hands,
the vegetables and fruits may be cut into long, nar-
row pieces, following the form of the green beans.

If the sloth does not take readily to these new
foods, you will have to be creative in your approach.
Young sloths sample new foods, thus developing a
taste for them, by licking around the mother’s

mouth as she eats. By placing a new food item
between your pressed lips (avoiding contact with
your saliva) and offering it to the sloth face to face,
the baby should be attracted and reassured that it is
safe to eat. Sloths wili rarely, if ever, overeay, so fol-
low the baby’s lead as far as capacity. If a release
into the wild is 1o be attempted, the introduction of
leaves and fruits, which wild sloths in the release
area are seen to eat, should begin at around three
months of age. At five to six months of age, the ratio
of food should be approximately 80% specific tree
leaves, vegelables, and fruits, and 20% protein. As
discussed above, this protein source will gradually
change at four to five months of age, from mostly
milk 1o muscle meat of chicken, high-protein bread,
and softened puppy food. By eight months, the sloth
should be weaned from milk. Baby sloths will
always display specific likes and dislikes in food, as
well as intermitient or irregular acceptance of prof.
fered foods.

Telemetry-monitored release of a two-fingered
sloth has never been attempted, or reports have not
been published of any attempts, Keep in mind that if
a hand-reared two-fingered sloth is to be released, the
diet should reflect the types of food rhat it will look
for and find in the release area. Solid foods should be
made up mostly, then. of the various types of leaves
and wild fruits that wild sloths in the release area are
observed 1o be eating. The domestic vegetable and
fruits and protein sources should stiii be given. but in
lesser quantity in ratio to the wild sources and dimin-
ishing in quantity as the sloth reaches release age.
Fresh leaves must be harvested every day and refrig-
erated until used. The remaining leaves shouid be
thrown out at the end of the day. Neither species
drinks water in the wild, obtaining all the required
moisture from their food. Therefore. it is very impor-
tant that their food be absolutely fresh.

Solid Foods—Three-fingered Sloths

The three-fingered sloth infant should begin show-
ing an interest in eating leaves at around three
weeks of age, sampling them from the mother’s
mouth as she eats. Three-fingered sloths have never
been successfully kept outside of the tropics,
because their need for a minimum of 60% huamidity
precludes most zoo situations, and thetr need for
copious amounts of specific rain forest leaves limits
the supply that can be grown in zoo facilities. No
satisfactory substitutes have been found for tropicai
leaves.

The optimum chance for success in band rearing
a three-fingered sloth is keeping it in its natural
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envirenment, and feeding it freshly barvested leaves,
such as cecropia (Cecropiaceae: Cecropia obtusifo-
lia. Cecropia insignis, Spanish name: Guarumo),
sangrillo (Fabacae: Prerocarpus officinalis; Spanish
names: Sangrillo and Sangregao), strangler fig
(Moraceae: Ficus crassiuscula; Spanish name:
Matapalo), or others that iocal three-fingered sloths
feed on. They are especially fond of the fruit of the
cecropia, which resembles long bean pods, and is
seasonal from area to area. Feed only one new leaf
type at a time to observe the reaction, such as changes
in the stool. The feces of an infant three-fingered
stoth are tiny, round, and black, about the size of BBs,
becoming larger as the sloth grows (feces of adult
sloths are shiny black, round, and pea-size). The pel-
lets can number from 100 to 200 for each evacuation,
which occurs every two to eight days.

COMMON MEDICAL PROBLEMS

Both species of sioths are very difficult to hand rear
before they reach three months of age. Infants of
bath species orphaned or separated from their moth-
ers after the age of three months are generally quite
easy to care for and are generally quite hardy.

Gastrointestinal problems arising from impraoper
diet and/or inadequate milk formulas fed to infants
befare their arrival to rescue centers are the usual
reason for infant mortality.

Anemia has been found in two-fingered sloths but
not studied in the three-fingered sloth.

Unknown (upstudied) species of tapeworm have
been found in all ages and both species of sloths.
Ascarids have been found in fecal examinations in
the wo-fingered sloth.

Sloths climb power poles in villages and along
roadsides and frequently experience severe bums
from contact with high voltage wires. They are often
hit by cars as they cross roads and highways.

Mange (Sarcoptes spp.) occurs with some fre-
yuency, particilarly in the three-fingered, and clini-
cal signs include pustular dermatitis characterized
by large, hardened scabs, but with no alopecia.

There has been an instance of a twa-month-old
two-toed sloth arriving at the center with canine dis-
tempet and infecting a second infant, both of which
succumbed, There are no investigations to date of a
possible vaccine against canine distemper for sloths
in captivity,

Captive adult animals usually cannot wear down
their nails as they grow, and these will curl into the
palms of the hands and feet, making it necessary to
trimm the extra length,

A guillotine-type dog nail trimmer works weil on
both species. Begin trimming in increments of 3 cm
(1/8 in) until the remaining portion of nail on the
hand is about @ cm (3 1/2 in); the nails on the feet
approximately & cm (2 3/8 in). The bone of the last
phalange of the fingers and 10es extends to neatly
the tip of an adult nail that is naturally maintained in
the wild, therefore great care must be taken with
trimming the nails. Nail trimming is generally weli
tolerated by an adult three-fingered sloth if it has
been conditioned from an early age. However, an
adult two-fingered sloth must be subdued, either
chemically or physicaily with a net or squeeze cage,
even if it appears docile in most situations. The sloth
will normally attempt to bite with its very sharp
teeth and may grab a caregiver's hand and bite with
astonishing speed and severe consequences.

RELEASE
Captive Versus Wild

There has been only one documented reiease, with
radio telemetry, of a hand-reared three-fingered
sloth (none for the two-fingered) and that release
successfully occurred at Aviarios del Caribe Sloth
Rescue Center in Costa Rica. Very littie is vader-
stood about the ways in which the mothers of either
sloth species teach their young to be independent,
increasing the difficolty of a successful release of a
hand-reared sloth of either species back inte the
wild. Other rehabilitated sloths of both species at
Aviarios Rescue Center are awaiting radio telemetry
monitored release,

Introduction of Hand-Reared Young
Back to the Exhibit

Two- and three-fingered sloths of both sexes are
usually quite tolerant of one another in an exhibit if
it is large enough to support a sleep box for each
individual to choose as its own; they will sometimes
choose 10 sleep together. A hand-reared juvenile
ready to move back to the exhibit should be intro-
duced with its own sleep box with which it is famil-
iar, along with a towel placed on the floor of the
sleep box, as it burrows under, or covers itself with
the towel. The towel may be eliminated if the sleep
box is oo high for easy access of weekly towel
changes.
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Johnson & Company, Evansvilie, IL, USA
Eukanuba: www.eukanuba.com
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Jackson-Mitchell, Inc., PO Box 934, Turlack,
CA 95381, USA

Johnson (5.C.) & Son, Irnc.. Racine, W1 53403-
2236, USA

Optic Shop, Pro-Qptics, Inc., 317 Woodwork
Lane, Palatine, 1L, 60067, USA

PetAg Inc., 261 Keycs Ave., Hampshire, IL
60140; 1-800-323.0877, 1-800-323-6878;
www.petag.com

Poly Nurser, Hauppauge, NY 11788

Ross Products Division, Abbott Laboratories,
Columbus, OH 43215-1724; 1-800-986-8510;
www.abbotl.com, www.ross.com

Science Diet; www.sciencediet.com

Stein Laboratory, 8.A., Apto. Postal No. 930-
1007, Centro Colon, San Jose, Costa Rica,
1-800-STEINSA (1-800-783-4672)

Sunbeam PN., 46251-505-971 Z-2047,
1-800-56-SUNBEAM

RESOURCES

Infermation contained in this chapter has essential-
ly been obtained through personal experience over
11 years working with sloths at Aviarios del Caribe
Sloth Rescue and Rehabilitation Center in Costa
Rica, from bits and pieces of information collected
over the years from zoos that exhibit two-fingered
sloths, and from various studies on both species
reported in wildlife journals. For further informa-
tion e-mail Judy Arroyo at aviarios @costarica.net;
website: www.OGphoto.com/aviarios.

REFERENCES

Beebe. W. 1926. The three-toed sloth. Zeologica 7{1).

Merrit, D, Ir. 1985, The two-toed Hoffmann's sloth,
Choloepus Hoffmanni Peters, In The evelwion and
ecology of armadillos, sloths, and vermilinguas,
edited by G, G. Montgomery. Washington, DC:
Seithsonian Institution.

. 1986, Hand-rearing Edentates, Lincoln Park
Zoological Gardens. Washington. DC: Smithsonian
Institution Press.

Montgomery, G. GG., and M. E. Sunqguist. Habitat
selection and use by two-teed and three-toed sloths.
In The ecology of arboreal folivores, edited by G.
. Montgomery. Washington, DC: Smithsonian
Institution Press.

Vogel, 1. B. de Thoisy, and J-C. Vie. 1998,
Comparison of injectable anesthetic combinations
in free-ranging two-toed sloths in French Guiana.
Journal of Wildlife Diseases 34:555-66.




13
Ground and Tree Squirrels

Dawn Smith

NATURAL HISTORY

There are over 20 species of ground squirrels.
including burrowing species and a few others that
utilize tree nests and aboveground food caches, in
addition to their ground burrows. The tree squirrels,
three species of which are common to the United
States. are all arboreal, and utilize tree nests exclu-
sively (Table 13.1).

RECORD KEEPING

Keep a daily log of food intake, fecal and urine pro-
duction, fecal consistency, hydration, body weight,
and behavioral notes including attitude and appetite.
Weight loss, dehydration, or diarrhea can quickly
become life threatening if not caught in the early
stages. A change in bebavior may be indicative of
impending iliness or a move to the next phase of
development, both of which require prompt atten-
tion.

EQUIPMENT

For feeding 1, 3, 6, and 12 ¢c Luer-tip syringes
should be available. Measuring cups, measuring
spoons, and a food blender or processor are needed
for making formula. A bottle warmer or other
warm-water source will be necessary to heat the for-
mula. Heating formula in a microwave is not rec-
ommended as it tends to alter protein composition,
which may affect nutritional value.

Table 13.1. Natural History of Squirel Pups

Neonates with eyes closed may be housed in a
variety of simple boxes or cages. Heat, in the form
of a heating pad or incubator, should be provided.
Incubators are preferred because they allow ideal
humidity to be maintained. in addition to providing
heat. If heating pads are used, they should be placed
under half of the cage or box housing the animals.
By leaving half the enclosure unheated, healthy
babies can move closer or further from the heat
source as they begin (o thermoregulate on their own.
Once eye slits are defined (approximately two
weeks of age}, it is best to move the babies to the
next type of enclosure (wire multilevel cage with
branches for tree squirrels, terrarium with dirt or
shavings for ground squirrels). By doing so, the ani-
mals will be exposed to as natural an environment
as possible as their eyes open and they begin to
explore.

CRITERIA FOR INTERVENTION

Wild squirrels that are warm and well hydrated may
be left for several hours under ebservation to deter-
mine whether the parents will retum. Many females
build a second emergency nest, so even if the origi-
nal nest is destroyed, the babies should be left in a
safe place near their original nest. If the neonates
are cold, they should be taken in and first provided
with a warm, dark, quiet place to recover. If, after a
short period of warming. the neonate(s} are active.

Species Birth weight Litter Size Weaning age
Ground squirrel 7-8 grams 1-7 6 weeks
Tree squirrel 15 grams 2-6 10 weeks
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Table 13.2. Age Determination of Squirrels
Weeks

Aging characteristics

0-1 Body is pink and hairless/eyes and
ears sealed

i-2 Hair begins to grow, skin calor dark-
ens, eyelids obvious

2-3 Fur coloration takes on adult pattern,
lower incisors erupt

34 Eye slits begin to open at corners

4-5 Eyes open

5-6 Upper incisors erupt, ears open

67 Weaning occurs in ground squirrels

10 Weaning occurs in wree squirrels

an attempt may be made 1o put them in the area of
the original nest. Do not allow them 10 become
chilled a second time, Provide a small box with low
sides that the mother may easily enter and exit.
Lining it with an old towel or piece of fleece will
keep the babies warm while giving the parents time
1o retrieve them. if they have not deserted the area.
Inserting & hot water bottle or other heal source
undemeath the towel will help keep the babies
warm on cold days, while waiting for a possible
reunion.

Captive-born squirrels may require hand rearing
if the mother is not caring for them, Lack of weight
gain and/or vigor is an indicator of the need for
inlervention.

ASSESSMENT OF THE NEONATE

Before initiating the band-rearing process, the
squirrel should have a complete physical examina-
tion. Age, weight, temperature, pulse, respiration,
and hydration should be assessed, The animal
should be manually flea-combed to remove as many
exlernal parasites as possible. In areas at high risk
for plague, a pyrethrin-based powder suitable for
use on kittens may be used to kill any fleas not
removed by combing. Attention must be paid to the
overall health of the individual as flea powders may
be toxic to compromised necnates. Wild-bom squir-
rels should also be checked for injuries from falls or
predators. See Table 13.2 for developmenizl infor-
mation that will aid in assessing the age of newborn
squirrels.

INITIAL CARE

When admitting wild-bom neonates, body temper-
awre should be evaluated immediately, as hypother-

mia is their most commoen problem. Hypothermic
infants will be nonresponsive and cool to the touch.
These animals must be thoroughly warmed before
attempting to feed. Warmed subcutaneous fluids
may be administered immediately. Warm oral elec-
trolyte solution may be given as soon as the normal
core body temperature has been reesiablished.
Hydration status should be determined next, as
neonates that have not eaten dehydrate rapidly.
Once a neonate is well hydrated and has a normal
core body temperature (100-102°F or 37.8-38.9°C},
dilute formula may be introduced.

FORMULAS AND CALORIC
REQUIREMENTS

For a thorough review of the composition of squir-
rel milk with a comparison to varicus formulas, see
Marcum (1997). Many recipes have been used sug-
cessfully to raise baby squirrels, and most include or
consist of commercially mixed powders. New 1o the
market is Formula 32/4Q (Fox Valley). This product
does not yet have a substantial track record, but so
far appears 10 be promising. MuliMilk, Zoologic
30/55, or Esbilac (all available from PelAg) have
been used either as stand-alone formulas when
mixed with water, or in various combinations. (See
Table 13.3 for a comparison of formulas and an
analysis of squirrel milk.) Daily caloric require-
ments for these animals range between 0.4 and 0.8
kcal per gram body weight per day, with the highest
requirements occurring in the earliest developmen-
tal stages. These formulas are designed as com-
pletely balanced nutrition for unweaned squirrels.
As such, they should not be supplemented. As
weaning age approaches, a variety of nawral foods
should be made available.

WHAT TO FEED INITIALLY

It is best to initiate feedings with a straight elec-
trolyte salution to ensure the gastroiniestinal tract is
functioning well. A strong, well-hydrated baby may
only need one electrolyte feeding before beginning
10 be gradually converted to the milk replacement
formula. Once the necnate is hydrated, feed one-
fourth formula and three-fourths electrolytes,
Increase to half formula and half electrolytes, then
three-fourths formula and one-fourth electrelytes,
and finally, full-strength formula, If, at any point in
this process, the baby is not tolerating the feeding
{i.e., vomits, has diarrhea, gas, or bloating), the ratio
should return to the last well-iolerated level
Severely dehydrated babies may require a very slow
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Table 13.3. Squirrel Formulas

Formula Solids (%) Protein (%) Carbs (%) Kcalsfee
Fox Valley 32/40 (2:3} 25.0 8.0 38 1.70
Esbilac/MultiMilk' (1:1/2:2) 2.7 7.3 23 1.33
Esbilac/MultiMilk'

(1:1:2) 26.7 8.8 2.1 1.63
Esbilac/Cream

{1:1/3:1.5) 234 6.3 31 1.55
Squirrel Milk? 25-39 7.4-9.2 3.0-3.7 1.57-2.67

Notes: Numbers in parentheses are ratios of the ingredients listed with the last number being the amount of

water to add.
MuttiMitk is equivalent to Zoologic 30/55.

"Data on squirrel milk composition from Marcum (1997).

introduction to full-strength formula. Electrolytes
alone may be given the first day, then the percentage
of formula may be increased over the next 72 hours
to full-strength formula on day four. Neonates that
are also severely emaciated may require a small
amount of formula (one-fourth of the feeding or
less) early on to prevent hypoglycemia.

NURSING TECHNIQUES

Squirrels should be fed in the siernal position. They
are very strong sucklers if healthy. The newbom
{pinkie or hairless baby) will need to be started on a
1-ce syringe for ease of determining and controlling
inmake. Depressed infants may be stimulated to
drink by angling the syringe upward to tickle the
roof of the mouth. or by moving the syringe in and
out of the mouth. The size of the syringe should be
regularly increased to maich the infant’s intake.
Bottle-feeding often presents problems since the
squirrels will adapt to one particular type of nipple
and will quickly chew through it 4s their teeth
mature, In addition, gas and bloating are more com-
mon with this feeding method, as the infant tends to
swallow large amounts of air. Syringe feeding offers
the advantage of better control of quantity as the
baby learns to nurse. A combination of the two
methods has been used in sotne facilities, where a
nipple is fitted over the end of the syringe (Fig.
13.1). However. this may limit the size of the
syringe that may be used. Squirrels must be stimu-
Jated to urinate and defecate at every feeding until it
is determined that they are able 1o do so on their
own, usually at about four to five weeks.

FREQUENCY OF FEEDING

On admission, neonates should be fed electrolyte
solution every hour until normal hydration is
achieved. Then feedings should be reduced to every
two hours. At approximately two weeks of age, the
squirrel may be fed every four hours with one late-
night feeding (six times/day). At four weeks. the
night feeding may be eliminated and the number of
feedings reduced by one feed every two days, but
only as long as weight gain is consistent. If the
squirrel gains weight for two days in a row, it may
be cut back on syringe feedings.

When working with small numbers of animals, it is
best to closely monitor individuals by weight, as ani-
mals develop at differing rates. The California
Wildlife Center has documented the cases of three
female tree squirrels, all approximately five to six
weeks of age on admission, that thrived on one
syringe feeding per day by seven weeks of age. One
infant started eating solid foods (determined by the
fact it was dragging food into the nest with crumbs
everywhere) by six weeks of age. [t takes many
babies longer to wean; six to seven weeks for ground
squirrels and ten weeks for tree squirrels, but it is
important to attempt t0 get them to independence as
quickly as possible. Any animal that Joses weight, or
fails to gain on a reduced number of feedings, should
be brought back to the level at which it was doing
well until it is gaining weight steadily again.

AMOUNTS TO FEED

The amount to feed is based on a combination of
overall health, stomach capacity, and individual tol-
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Figure 13.1. Feeding a ground
squirrel {photo by Jackie Wolliner,
California Wildlife Center).

erances. A good rule of thumb is to start at 5% of
body weight (i.e., 0.5 cc per 10 g body weight). As
the baby progresses, gradual increases in the
amount fed can be attempted as long as thete are no
indications of digestive upset. When the young
reach weights over 100 grams, feeding 7% of body
weight per feed (or 7 c¢/100 g) is well wlerated by
most squirrels, but significantly exceeding this
amount may result in diarrhea.

HOUSING

Housing of neonates may initially be as simple as a
cardboard box. but if an incubator or brouder box is
available, that is preferable, especially for “pinkies”
or hairless babies. The temperature should be
85-90°F (29.4-32.2°C) and the humidity should be
70-80%. Once the infants’ eyes are open, they will
need escape-proof and chew-proof housing such as
fine mesh (less than 5 cm) wire cages or small air-
line pet carriers. See Casey and Casey (1998) for a
simple design for a starter cage. Old towels or
pieces of polyester fleece may be used as bedding,
Loose threads should be remaved from any bedding
fabric. Terry cloth should not be used as some ani-
mals may catch their toenails in the loose weave,
Ground squirrels should be transferred into a ter-
rarium filled with wood shavings or clean, soft soil
once they are active and weaned. Cedar shavings
should not be used as they may cause a skin reac-
ton. If using wood shavings or if the cage is not
deep cnough to provide two or more feet of soil, a
tunnel system of cardboard tebing from paper tow-

els or PVC piping must be provided. Ground squir-
rels will need 4 large terrarium in which to develop
burrowing skills. Sections of hard plastic piping
such as PVC provide hiding places. Monitor care-
tully if using PV C piping as the squirrels may chew
and ingest the plastic.

Tall cages wili be needed for wree squirrels to
practice their climbing skills. A hiding place such as
a hollow tree trunk or a wooden nest box placed in
a tree is recommended for tree squirrels that are
going to be released, so that they can acclimate to
outdoor temperatures with shelter available.

TIME TO WEANING AND TIPS FOR
WEANING ONTO SOLID FOOD

Ground squirrels generally wean earlier than tree
squirrels, at around six weeks of age. They are much
more likely to reject feedings or evade the feeder as
they discover solid food. Once their eyes have
apened, the babies will begin to explare their envi-
ronment, often beginning to handle and/or chew
items found in their cage. Items of interest will be
taken from the surface of the soi! or shavings and
cached in their wnnels. If these items have been pre-
sent {rom the beginning, there will be the added
benefit of their recognizing the smell of normal
foods.

Tree squirrels will need 1o be given fewer syringe
feedings and need to be provided with a variety of
natural foods to push them into the weaning
process. They are much more likely than ground
squirrels to habittiate to the syringe. Small shallow
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bowls with solid food items soaking in formula are
more likely to draw their attention. Fresh fruit is
another item they are likely to taste early in the
wearing process. Caution should be taken with
quantities of fruit provided as they will often
overindulge, leading to diarthea and other digestive
upsets. Monitoring weight frequently during the
weaning process will allow the caregiver to deter-
minc how well the animal is sclf-feeding. The addi-
tion of Purina or Kaytee brand rodent lab block on
the bottom of the cage will give the babies a nutri-
tionally weil-balanced food item to chew on, and
lessen the chance of the squirrels chewing on the
cage ftself.

COMMON MEDICAL PROBLEMS
Parasltes

Fleas and ticks are commonly found on wild-born
squirrels. For the health and safety of staff, it is
important to remove these parasites. However, the
use of chemicals on neonates should always be
approached with caution. Manual removal is best. A
fine toothed comb is necessary for flea removal and
pair of tweezers will be needed for pulling the ticks.
Fleas and ticks can be dropped into & bowl of alco-
hol or acetone to ki!l them,

Fleas also transmit squirrel pox (Fibromatosis). If
lesions are present, they should be cleaned daily.
Treatment with ivermectin is recommended.

Lice and sarcoptic mange may also be seen in
wild-born squirrels. Animals with either of these
parasites should be isolated. A carbamate-based flea
powder should be used to treat for lice, once the
neonate is determined to be stable. Ivermectin is
given for sarcoptic mange but, again, the infant
should be stabilized before treatment is initiated.
Fly eggs and maggots are often found in the ears,
mouth, eye slits, and other areas of very young
squirrels, and must be removed prompily.

Common injuries include head and spinal trauma
secondary to falls, being hitby cars, or being attacked
by dogs or cats. Many urban squirrels unfortunately
land on concrete when they fall from their nests, and
are admitted to rehabilitation centers with bloody
noses. These babies often benefit from a short course
of steroids, such as dexamethasone, to combat asso-
ciated head trauma. Veterinary assistance should be
sought in these cases, when possible, as treatment
will vary dependent on the severity and location of
the lesions. Cat and dog bites are common in wild-
born squirrels. Small, superficial wounds can be

cleaned with antibiotic scrub. Although topical
antibiotics would theoretically be of value, these ani-
mals will generally lick their wounds. quickly remov-
ing anything applied externally. Oral antibiotics
should be used sparingly, especially in necnates due
1o secondary GI effects and concerns for developing
antibiotic resistance in the environment. If the
wounds are penetrating or if abscesses are present,
veterinary assistance should be sought,

While being hand reared, gastrointestinal (GI)
problems often occur. Diarrhea and bloating are
most comunon but caregivers should be alert 1o the
possibility of constipation or aspiration of formula
as well. When treating the symptoms, it is also
important to attempt to determine the source of the
problem. Overfeeding is the number-one culprit in
GI upsets, but incorrect temperature of formula,
poor hygiene, stress, bacteria, viruses, and parasites
may also be a primary or secondary factor,
Symptomatic treatment for diarrhea and bloating
can include discontinuing feeding for at least one
feed, feeding dilute formula or electrolyte solution
and giving subcutaneous fluids to prevent dehydra-
tion, Course and duration of treatment will vary
dependent on the age and overall condition of the
animal and the severity of the symptoms.

RELEASE: CAPTIVE VERSUS WILD

Neonates being raised for captive display should be
handled regularly as they transition from nursing to
self-feeding. It is important 1o spend time with the
animals during this phase so that human beings
become a normal and welcome part of their envi-
ronment. Because they are highly social, separating
them from the other squirrels for pericds of time,
while providing opportunities to interact with care-
givers, will enhance this process. Hand feeding of
solid foods will also encourage them to approach
handlers.

Squirrels intended for release to the wild should
have minimal contact with their caregivers. They
should always be housed with conspecifics, and
talking should be kept to a minimum in their
presence. Human-habituated squirrels may be sig-
nificant hazards to public health and safety. Tree
squirrels being prepared for release should be
housed in a large cage with natural plant cover and
some trees or large branches for climbing. An old,
hollow log will provide a natura! nesting site. If
none is available, a nest box may be used. For squir-
rels that will remain in captivity, the nest box is
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preferred as it can be cleaned and disinfected and ~ Fosco, L. 1997. Rekabiliration of North American

provides easy access to the animal. tree squirrels. In-house training manual. San
Rafael, CA: WildCare.

SOURCES FOR PRODUCTS MENTIONED Hanes, P. C. 1997. Ground squirrel rehabilitation.
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www.petag.com Marcum, D. 1997, Rehabilitation of North American
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Insectivorous Bats

Susan M. Barnard

NATURAL HISTORY

There are 47 species of bais in the United States.
Although nectar-feeding bats visit and pollinate
some of our desert plants, they are not native to this
country. Only insectivoreus species will be encoun-
tered for hand rearing.

The average birth weight depends on the species
and ranges from one-half to six grams. Births are
seasonal. Throughout most of the United States they
occur May through July.

Important: The bat under care MUST be identi-
fied to species as requirements differ from species
10 species.

RECORD KEEPING

Maintain a log on the milk replacer type(s) being
used. Record food intake, daily weight, and fecal
consistency. Note when fur hegins to appear,

EQUIPMENT
The following items should be on hand:

1-cc syringes (for feeding and hydrating)

25-ga X 5/8 in (1.6 cm) hypodermic needles (for
subcutaneous injections)

Lactated Ringer’s solution without glucose

Mother’s Heiper or Zoologic 33/40 puppy milk
replacers (PetAg) Modified 3 1/2 French, open-
ended tom cat catheter to narrow the feeding tip
when using

Syringes to feed pups (most species). Narrowly
pointed eyedroppers are aiso suitable,

Clean artist brush or eye make-up foam applicator
to deliver milk to Molossid pups

Glass (not plastic) petri dishes: 100 X 20 mm for
mealworms when weaning, and 60 X 15 mm for
water

Avitron multivitaming

Avimin multiminerals

Fartified mealworms (see Diet for Mealwormns
betow}

Blender

Styrofoam container (approximately 12 in D X 19
inLX 14ipHB0ScmD X483cm L X 356
cm H]} until pup is weaned (see Barnard 1995,
for further details)

Appropriate-sized twig when housing pups in the
genus Lasinrus

Heating pad(s)

Paper towels

Mealworm bags, pillow cases, or other nonfrayed
cofton items

Masking, or other adhesive-type tapes

Scale weighing in grams (accurate to at least 0.10 g)

Durocraft fine-mist humidifier

CRITERIA FOR INTERVENTION

Bats are reservoirs for rabies. Oniy vaccinated indi-
viduals should handie bats. Bat babies require hand
rearing when they are found on the ground by the
public. They may be found if they have fallen from
a roost (e.g., eaves of a house, tree), or when they
fali off of their mothers during flight. In captivity,
bats become orphaned when their mothers abandon
them because of overcrowding or other siresses.
They are often found on cage flooring by the bat
worker.

Orphaned bats may range in age from newly bom
to a week or more old. Anyoene preparing to hand
raise an infant bat MUST be able to identify the
species and estimate the pup's age. This is a difficult
task for inexperienced bat carers: Depending on the
species, they can be born with or without fur. Eyes
may or may not be open, and some newborn species
are so large at birth that they equal the weight of
some adult species.
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All bats presented for hand raising must be
hydrated and weighed before any other action is
taken. If one is uncertain as to where to begin, call a
bat rehabilitator in the area. For more information,
visit http://lads.com/basicallybats/rehablist.ntml.

INITIAL CARE

Bats have been hand fed with varying degrees of
success, Using paint brushes, eye make-up sponges,
eyedroppers, and syringes. Modified urethral and
feeding catheters of appropriate size can be attached
1o syringes to deliver milk accurately, especially to
very small pups (e.g., Pipistrellus spp.).

Maintaining adequate hydration is probably the
most important factor in rearing pups. Experience
has shown that some species dehydrate when
offered oral electrolytes in combination with milk
(Barnard 1991, 1995). Such solutions should not be
used when feeding bats a milk diet, nor should they
be used as a substitute for water when mixing milk
formuias. Fluid replacement for clinically dehydrat-
ed, unweaned pups should be accomplished by sub-
cutaneous injection.

FORMULAS, SUPPLEMENTS, AND INFANT
GROWTH

Bat milk varies in composition, not only among
species (Jenness and Studier, 1976), but also during
the course of lactation (Kunz, Phone conversation
with author). Unfortunately, formulas currently
available for hand raising infant animals do not
approximate the nutrient composition of natural bat
milks, and therefore choices selected for rearing
bats have been determined through trial and error.

The nutrients in milk replacers vary enough to
affect growth rates. In order to evaluate a pup's
growth, weigh it each morning before its first meal. If
an individual infant fails to gain weight on the pre-
scribed formula, it may become necessary 1o increase
the fat content. This shouid be done conservatively
because oversupplementing with fat causes diarrhea.
Add heavy whipping cream in 0.50-ml increments to
approximately 25 ml of prepared milk replacer to
achieve a steady weight gain. Feed approximately
0.05 m1 per gram of body weight,

WHAT TO FEED INITIALLY

A pup should not be fed wvntil it has been hydrated
and warmed 1o a body temperature of approximate-
ly 95°F (35°C} (or human body temperature). This
can be accomplished by holding it gently in the
palm of the hand..

Neonates are borm with milk teeth, which atiow
them 1o cling to their mothers’ teats. These teeth are
useless for eating insects, so food should consist of
a prepared milk diet. Mix powdered Mother’s
Helper (Lambert) or Zoologic 33/40 (PetAg) as
directed on the label, Do not add supplements such
as syrups or vitamins because they may cause diar-
rhea, and lead to serious dehydration, Avoid the use
of milk replacers such Esbilac, Unilact, and KMR
(all PetAg products). Butterfat has been added 1o
these milk replacers causing the death of numerous
pups of a variety of species.

To maintain hydration, offer oral fluids 1o pups
one-half to one hour after each feeding. Deliver 0.05
cc fluid per gram of bady weight of the following
solution: one drop Avitron, two drops Avimin
(Lambert) in 25 ml tap or distilled water.

NURSING TECHNIQUES

Before feeding pups, warm the formula in a hot-
water bath. Check the temperature by placing a drop
or two on the inside of the wrist; it should feel
warm, not hot. Feed a pup on its belly or side, with
its head lower than its feet, to prevent it from aspi-
rating fluids into its lungs (see Fig. 14.1).

FREQUENCY OF FEEDING
AND AMOUNTS TO FEED

Insectivorous pups require frequent feedings,
approximately every two to three hours. If they
refuse food at two-hour feeding intervals, or if for-
mula is still visible in their stomachs (this is easily
seen through the skin of the abdomen}, feed approx-
imately every three hours, or adjust the feeding
schedule as necessary. For pups weighing over 4 g,
feedings should begin around 6 A.M. and can be dis-
continued at 1] .M. to midnight. Pups weighing
4 g or less require at least one feeding during the
night. Feed approximately 0.05 ml per gram of body
weight.

EXPECTED WEIGHT GAIN

The single most important way in which one can
determine if a baby bat is growing properly is to
weigh it daily. Most pups lose weight or remain sta-
ble until they leam how to take formula from the
substitute teat. Depending on the species, weight
gains will vary. For example, an eastern pipistreile
bat, Pipistrelius subflavus, should gain approxi-
mately 0.5 g per week for the first six to eight
weeks. Al malurity, this bat’s weight fluctuates
between 5 g and 9 g. The medium-sized big brown
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Flgure 14.1. When feeding a
baby bat, tilt it slightly down-
ward to prevent it from aspirat-
ing formula into its lungs. (Photo
courtesy of Forest Park Nature
Center, Peoria Heights, IL.)

bat, Eptesicus fuscus, is typically 18 g wo 23 g at
maturity. Its infant growth rate should be approxi-
mately 1.5 g per week for the first cight weeks, The
hoary bat, Lasiwrus cinereus, is a relatively large
bat, and its adult weijght may reach 30-35 g. For the
first eight weeks, the pups should gain approxi-
mately 3 g per week.

SPECIAL NEEDS

Infant bats will lap milk readily, a drop at a time,
from the palm of the hand or directly from one of
the objects discussed above. Avoid the use of nurs-
ing botiles, as these can cause fatal colic (Bamnard
1988-1990). Before feeding a pup, wash hands
thoroughly to prevent contarninating any formula
that pups may lick from the palm of the hand.

It is not known why some species fail to thrive on
milk replacer. For example, Lasiurus borealis and
Pipistrellus subfiavus bloat and/or dehydrate when
fed exclusively milk formula. This problem is some-
times overcome by offering these pups milk replac-
er once a day and a blended mealworm diet for the
remaining meals, or by altemating the two food
sources,

After each feeding, wet a cotton swab with luke-
warm water and massage the pup’s anus to stimulate
defecation. Note, however, that they may not defe-
cate after every meal. Normal siools are firm and
black; although, it is usual for pups to have
cream-colored stools for a day or two until they
adjust to the milk replacer.

Flgure 14.2. Pups of a tree-roosting bat
species require a branch on which to roost (or
a mesh-lined container top) to aliow them to
hang naturaily. (From Barnard 1995)

Special attention must be paid to the roosting
habit of lasiurine bats: these infants will soil them-
selves if they are not aljowed to hang from a thin
rough branch {see¢ Fig. 14.2), or mesh on a cage top,

HOUSING: CAGING AND ENVIRONMENT

Place a pup in a Styrofoam container measuring
approximately 12in D X 19in L X 14inH (30.5cm
D X 483 cmL X 35.6 cm H) until it is weaned (see
Barnard 1995, for further details). Air can be provid-
ed by punching one row of holes with a penci! arcund
the middle of the container, Be sure to punch the
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holes from the inside to the ouwtside of the container.
Always tape the top of the container to prevent a pup
from escaping. Whether baby bats are hand raised at
home or in a windowless office, they should be
exposed to the same photopeniod as the person doing
the hand raising. Maintain container temperatures
between 80°F (26.7°C) and 84°F (28.9°C), and rela-
tive humidities of 55-80%. Warning: Many facilities
place pups in incubators to maintain warmth and
humidiry. When housed in these devices, small
species often die of dehydration.

Monitor heating pads closely because they can mal-
function, resulting in fatal bumns. Pups of small bat
species can be kept warm by placing the nursery con-
tainer with the pup in a larger one with the heating pad
wedged between the walls of the two containers, as
shawn in Figure 14.3. The insulating properties of the
two containers also protect the pup against rapid tem-
perature changes when the heating pad must be
unplugged for short periods, If the two-container sys-
tem is not used, then a heating pad can be placed

between the nursery container housing the bat and any
wall. Do not place a heating pad directly inside a
small Styrofoam container because even at the lowest
setting, the pad may generate enongh heat to produce
hyperthermia in the pup. When providing warmth
with a heating pad, never place it under the cage bot-
tom. Bats generally seek out the highest point in a
cage, and forcing them to the bottom for warmth may
be stressful. Also, heating pads on cage bottoms cause
bats to lie horizontally, rather tham in the pormal
upside down position which, over an extended period
of time, may result in swollen joints.

Place nursery containers with pups in a room
small enough that humidity can be regulated with a
fine-mist humidifier {e.g., Durocraft). Be sure to
follow the manufacturer’s instructions on the care of
the hurnidifier.

For proper growth, pups require room to exercise.
Juveniles of crevice-dwelling species (e.g., big
brown bats) should be placed in hard-sided caging
with wood walls (see Figs. 14.4a, b, c).

Figure 14.3. To prevent overheating
a pup with a heating pad, place the
small container with pup (a) inside a
larger container (b). Wedge the heat-
ing pad between the two containers
as shown by the arrows. (From
Barnard 1992)
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Figure 14.4. Juveniles of crevice-dwelling bat species should be housed in wooden cages. (a)
Cage dimensions; (b) constructed cage; (c) cage interior. (From Barnard 1595)

Figure 14.5. Juveniles of tree-dwelling bat species should be housed in soft-sided caging. (a}
Door unzipped and pinned cpen; (b) door zipped closed.

Place lasiurines (e.g.. red bats) in an appropriate-
ly sized {65 gal) soft-sided cage (see Fig. 14.5). The
cages {called reptariums) may be purchased online
at http://www.thatpetplace.com.

TIME TO WEANING

Most insectivorous pups are ready to be weaned at
about three to four weeks of age. This is also the age
when they are ready to fly. They do not have to be
taught; it is instinctive. Milk teeth have been
replaced by permanent teeth, and the infant is ready
to receive chitin (the substance forming insect
exoskeletons) in its diet. Chitin is important to the
bat for the continued formation of firm stools.

TIPS FOR WEANING FROM FORMULA TO
SOLID FOOD

To wean bats onto mealworms, cut off the insect’s
head and squeeze its viscera into the pup’s mouth as
one would squeeze a tube of toothpaste. Whenever
bats are willing, allow them to chew on the chiti-
nous exoskeletons of the mealworms to strengthen
their jaws. This process, however, can leave meal-
worm viscera on the bat’s fur. Within a day or two,
the soiled fur loses its insulating properties and the
pup may die. When any pup becomes soiled, clean
its fur immediately with a warm, dampened swab
stick, gauze pad, or cloth handkerchief. Allow it to
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dry naturally near a the heating pad. Never dry a bat
with a hair dryer.

To teach a juvenile to associate food with a dish,
feed it over one containing fortified mealworms,
and always feed it from the end of a blunt forceps,
not the fingers. After the bat has eaten its ration,
offer it a few drops of fresh water, When a bat feeds
regularly on whole mealworms (about 10 10 40 or
more, depending on the species) with their heads
intact, it should be housed and fed as an adult in the
appropriate cage type (see Figs. 14.4 and 14.5).

The blended meatworm diet and the diet for meal-
worms are given below:

Blended Mezlworm Diet!

Blend together:

Mealworms? ...................... 3g
Oliveoil .......c.cciiiiianinan. 1 drop
Vitamin/Mineral Water®> .............. 1.5 ml

! Freeze surplus and defrost as needed.

? Large mealworms weigh approx, 0,10 g

*vitamin/Mineral Water is prepared by mixing
together | drop Avitron multivitamins and 2
drops Avimin multiminerals in 30 m! tap or dis-
tilled water.

Diet for Mealworms
Per 10,000 mealworms;

Qatbran ...........c.coviunian.n. 1/2 cup
Wheatbran ................ ... o..n 172 cup
Cormnmeal ,............c.civvvrines 1/2 cup
Powdered Vicnate multivitamins . ... ... 1/2 cup
Bone meal powder (sterilized) or calcium
carbonate powdet . .. .., .. ..., 1/2 cup

Leafy greens, unchopped {e.g., collards,
spinach, cabbage, mustard greens, kale, etc.)
............................. several
leaves
Sweet potato and/orapple ............ 1/2 each

COMMON MEDICAL PROBLEMS
Bloat

Bloat is commoniy observed in hand-raised,
neonate bats that ingest air during feeding. Colic
may be avoided by offering formula in such a way
that ingestion of air is minimized. For example,
avoid using bottles with nipples when feeding insec-
tivorous bat pups.

Occasionally, newborns are orphaned before their
intestinal tract develops normal flora. Certain milk
replacement formulas contain ingredients that are
difficult for pups to digest (Barnard, 1991, 1992,
1995} and thus cause bloat. If the underlying cause

is not diagnosed quickly, the condition is usually
fatal. In these cases, it may be necessary to medicate
them by alternating simethicone (Mylicon or
Phazyme, available over-the-counter) and meto-
clopramide hydrochloride (Reglan, available by
prescription)} syrup five to ten days into the hand-
raising period. Mix these products separately,
adding one drop of product with four drops of tap or
distilled water. Add two drops of the mixhures to |
ml of formula. Alternate these medications at every
meal for up to ten days. Do not mix medications
together,

Dehydration

Virally all sick, injured, or orphaned bats become
dehydrated. Mortalities may be reduced substantiafly
by rehydrating them immediately, and before further
treatment. Give subcutaneous injections of lactated
Ringer's solution (without glucose) at a dosage of
0.03 ml/g/day. Insert the needle on the bat’s back just
posterior to the shoulder blades. Depending upen the
severity of the medical problem, a bat will rehydrate
within one to three days. It will usually accept food
after the second or third injection of lactated Ringer’s
solution, and food must be offered by hand to insure it
receives adequate nutrition. A dehydrated bat probably
has not fed voluntarily because it produces little or ne
saliva, making it difficult for the animal to swallow.

Diarrhea

Diarrhea in captive bats is usually associated with
diet and/or stress. Dietary causes include the feed-
ing of spoiled food. “Bat glop™ (a pureed diet
contajning various mixtures of dairy products, com-
mercial baby foods, commercial cultivars of pro-
duce, and other commercially available foods), fed
as a substitute for live, fortified insects may also
cause diarrhea. Other dietary causes of diarrhea
include overfeeding, or oversupplementation with
multivitamins or fat.

Stress may induce diarrhea. Stressors include
shipping, cage changes, overhandling, incompatible
cage mates, 8 noisy environment, and, depending on
the species, exposure to inappropriate lighting
and/or prolonged exposure to humidities below 30%
or above 80%. Viruses, bacteria, and endoparasites
can also cause diarrhea in bats.

Wing Injuries

Stmple fractures usualty heal within a month with
minimal or nD medical assistance. Euthanasia
should be considered when pups are presented with
compound fractures.
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Respiratory Disorders

Respiratory problems in bats are stmilar to those in
other mammals. Pneumontia can encompass a vari-
ety of causes including parasites, fungi, bacteria,
viruses, chemical inhalation, and fluid aspiration
fespecially in hand-raised infants). Symptoms
include nasal and orai discharge, gaping, audible,
and labored breathing, depressionm, anorexia, and
emaciation. Treatment for respiratory disease in
bais is the same as it is for other mammats,

Infectious Diseases

Rabies is the most widely reported disease in bats.
The AZA Bat TAG (1995) repurted that there are no
rabies vaccines presently recommended for bats
(but see Wiggins 1995}, Furthermore, they reporied
that any vaccine administered to a bat might inter-
fere with tests for rabies detection (see Wiggins
1995).

Membrane Probiems

Small holes in the wing membrane do not affect a
bat’s ability to fly and should be left alone.

Hair Loss

Unnatural hair loss can be caused by dietary defi-
ciencies, disease, or poisoning. Inexperienced care-
givers also tend to leave pups on milk replacer too
long. The weaning process should begin within
three weeks of birth. In species that are born with-
out fur, weaning should begin at the onset of fur
growth,

Parasites

Bats worldwide support endo- and ectoparasites
similar to those found in other mammals, In captiv-
ity. mites are the most difficult to control when strict
quarantine is not observed. Of particular interest is
the fact that bat ectoparasites usually disappear after
several weeks when caging and bedding are cleaned
dauily. Avoid chemical eradication.

Coccidiosis has been treated successfully with
trimethoprim  sulfamethoXazole suspension (con-
centration of 40 mg of trimethoprim and 200 mg of
sulfamethoxazole per 5 ¢¢) at a dosage of 15 mg/kg,
PO BID, for eight to ten days (Barnard, 199!,
1995).

Fenbendazole 1s effective against intestinal nema-
todes in bats at a desage of 50 mg/kg, PO SID, for
three days; repeated in three weeks if necessary
{Barnard 1991, 1995}, or at a single dose of 75-100
mg/kg, PO; repeated in ten days (AZA Bat TAG

1995). Although ivermectin has been recommended
for treating intestinal nematodes in bats (AZA Bat
TAG 1995), it is my upinion that its use should be
avoided.

Praziquantel is recommended for cestode infec-
tions at a dosage of 7.5-15 mg/kg, IM or PO (AZA
Bat TAG 1995),

Trematedes are difficult to treat, and even a high
dosc of praziquantel is usually ineffective (AZA Bat
TAG 1995).

Poisoning

Accidental poisoning car occur when pesticides and
disinfectants are used indiscriminately. The major
cause of poisoping in insectivorous species is from
ingestion of pesticides sprayed in the environment.
Typical symptoms of poisoning include a hunched
back; drawn-up legs; excessive salivation; rapid res-
piration; increased, irregular, or slow respiration;
tremors; incoordination; hindquarter weakness
and/or stiffness; and lethargy. When poisoning is sus-
pected, administer supportive therapy. Treatments
include activated charcoal, calcium gluconate,
atropine sulfate, divretics, and fluids. Follow the
manufacturer’s recommended dosages. Also, control-
ling cemtral nervous system stimulation with
diazepam or barbiturates may be indicated.

RELEASE: CAPTIVE VERSUS WILD

Bats are highly specialized animals with complex
lives. Many species learn “bat life” from their moth-
ers (Barclay 1982; Bateman and Vaughan 1974,
Bradbury 1977, Brigham and Brigham 1989;
Vaughan 1976; Vaughan and Vaughan 1987). Young
bats observe and mimic their mothers and/or con-
specifics to learn how, what, and where to hunt, but a
high percentage of them still die during their first year
of life. Survival requires adequate hunting skills, iden-
tification of appropriate shelters {e.g., day and night
roosts, hibernacula), knowledge of migratory routes,
avoldance of predators. and appropriate social skills
with conspecifics, Bats must also be in excellent con-
dition. both physically and behaviorally. or their
chances for survival are limited.

Captive-reared, insectivorous bats have been
tanght to catch insects in flight within the confines
of a building. Such bug-caiching abilities, however,
may not translate into survival in the wild.
Rehabilitators must hold themselves accountable
when releasing hand-raised or captive-born bats by
making every effort 1o evaluate the success or fail-
ure of their release programs. This might be
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achieved with the use of implanted electromagnetic
transponders (Barnard 1989} in combination with
identification bands and radio-tracking devices
(Adkins and Wasserman 1993; Albrecht and
Helversen 1994; Dicke 1994}. Until affordabte and
workable release programs can be developed for
captive-reared, insectivorous bats, they should
remain in captivity. Rehabilitators who hand raise
insectivorous bats, and who are not working con
bona fide release siudies, may wish to consider the
following options:

1. Some bats, such as those in the genera
Eptesicus, Nycticeius, and Tadarida, adapt weil
1o captivity and can be sent to appropriate inst-
tutions for use in education and conservation
programs. Anyonc not able to care for a hand-
reared bat for the duration of its nawral life (up
to 20 years), should make every effort to find it
a permanent home at a zoological park, muse-
um, Or nature Center.

2. Spectes that do not adapt well to captive condi-
tions, such as Lasiurus and Mormoops, might
have a better chance of living if displayed to the
public in relatively large, naturalistic exhibits,

3. Another option is euthanasia, preferably before
the hand-raising process begins.

Rehabilitation considerations proposed for
hurnan-raised orphaned bats also apply to those born
in captivity to wild, releasable mothers. Wild, insec-
tivorous bats who give birth in captivity may aban-
don their pups when released. Any wild animal sud-
denly taken captive, regardless of the reason, must
perceive the situation as “dangerous.” Lactating
females, therefore. increase their chance of surviving,
and reproducing again, by lightening their burden
with the abandonment of their young,

SOURCES OF PRODUCTS MENTIONED

Durocraft Corporation, 490 Boston Post Road,
Sudbury, MA 01776-9102

Lambert Kay, Division of Carter-Wallace, Inc.,
Cranbury, NJ 09512-0187

PetAg Inc., 261 Keyes Ave.. Hampshire, IL
60140; 1-800-323-0877. 1-800-323-6878;
WWW.petag.corm
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Lemurs

Cathy V. Williams

NATURAL HISTORY

There are more than 50 recognized taxa of
Lemuriformes (Mittermeier et al. 1994). Lemurs
range in size from mouse lemurs weighing as litile
as 25 grams (Microcebus spp.) (o Indri (Indri indri)
weighing 6-8 kg. Given the diversity of dietary and
environmental requirements found among different
species, this chapter will fecus on four diurnal
species kept in captivity for which successful hand-
rearing 1echniques have been developed; ring-tailed
lemurs (Lemur catea), ruffed lemurs (Varecia varie-
gata). true lemurs (Fulemur spp.). and sifakas
(Propithecus spp.) {see Fig. 15.1).

Under natural conditions births are seasonal and
in the Northern Hemisphere the majority occur
between December and April. This seasonality is
related to photoperiod sensitivity and out-of-season
births can occur when light cycles are manipulated
in captivity. Patterns of maternal care differ among
lemur species. Some lemurs carry their young con-

tinuously the first few months of life while others
leave their offspring in a nest or protected area. QOf
the species covered in this chapter, ring-tailed
lemurs, true lemurs, and sifakas carry their young
and ruffed lemurs use nests,

The average birth weight and number are as fol-
lows:

Ring-tailed lemurs: 65-85 g, singletons or twins

True lemur: 55-105 g, singletons or twins. Weights
are subspecies dependant.

Ruffed lemurs: 80125 g, titters of one to five

Sifakas: 90-115 g, singletons

SUPPLEMENTATION VERSUS HAND
REARING

In this chapter the term “supplementation” is used
{o indicate nutritional support given while an infant
18 housed with its dam or other members of its own
species. Hand rearing refers to an apimal raised in a

Figure 15.1. Black and white
ruffed lemur twins.

104
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nursery environment away from adults of its own
species. In my opinion, hand rearing should be done
only in extreme circumstances when other options
have been exhausted. Hand-reared infants are more
likely to exhibit abnormal sactal or behavioral iraits
and be aggressive as adults than are supplemented
infants. This is less a concemn in species that nest
than in those that carry their young. Additionally,
infants that nurse from their dams, even on a limit-
ed basis, are less likely to develop nutritional defi-
ciencies that may occur in felly formula-reared
infants, Even complete supplemental nutrition can
be accomplished while infants stay with the mother
or family group. At the Duke University Pri-
mate Center, successful hand supplementation of
orphaned sifakas has been accomplished while
infants were housed either with their father or older
sibling. thereby eliminating the need to rear them in
a nursery sctting.

RECORD KEEPING

When supplementing ot hand rearing lemurs, it is
important io keep detailed records. Use a daily log
to record body weight taken at a consistent time
each moming, food intake, fecal production and
consistency, and behavioral notes including appetite
and attitude.

EQUIPMENT

Due to the small volumes of formula consumed by
neonatal lemurs, feeding with syringes or eyedrop-
pers rather than boules and nipples is more reliable.
As infants gain weight and formula volumes
increase, they can be switched to a pet nurser if
desired. Useful supplies include syrninges (3, 6, and
12 cc) and red rubber catheters or feeding tubes
{8-12 French). In addition, have on hand a monar
and pestle, gram scale, bottles for mixing and stor-
ing formula, an incubator and thermometer for
young infans, hot-water bottles, disposable gloves,
towels, and a surrogate such as a stuffed animal for
clinging species.

CRITERIA FOR INTERVENTION

Nutritional support is necessary when infants are
weak, fail to gain weight, become ill or orphaned, or
in the event of maternal illness, neglect, or abuse.
Low barth weight by itself is not a reason to inter-
vene as long as the mother is attentive and the infant
is vigorous and gains weight steadily. In species in
which mothers carry their infants, normal newborns
cling horizontally across the mether’s lower
ahdomen or upright at a slight angle while nursing

Figure 15.2. Ring-tailed lemur dam with
infant in normal nursing position.

(Fig. 15.2). An infant’s grip should tighten when it
is startled or the mother moves. As the infant ages it
gradually shifts to riding on the mother’s back. In
species that leave their young in a nest, mothers stay
with their infants almost continuously the first few
days after birth tucking them underneath her thus
keeping them warm and allowing them to suckle.

CARE AND ASSESSMENT OF NEONATES

Lemur infant mortality ts highest in the first 72
hours after birth. Recognizing and correcting prob-
lems early in the neonatal period can often prevent
the need for long-term intervention. Careful obser-
vations of an infant's behavior and accurate daily
weights are the best measure of health status. If pos-
sible, obtain a weight the day of birth, then twice
weekly until the infant is one month old, then week-
ly until weaned, A one to two day drop in weight is
acceptable but longer plateaus or decreases in
welght gain are reason for concern. If a question
exists as to the status of an infant, removing it from
the mother for & physical exam, including a temper-
ature and weight, is necessary. While physically
removing a clinging infant can be traumatic for the



106 Hand-Rearing Wild and Domestic Mammals

mother and infant, it is usually most stressful for the
handler. One person restrains the dam or distracts
her with a food treat while a second removes the
infant. Normal newboms vocalize loudly, eyes are
open and alert, movements are vigorous, and the
grip in hands and feet is strong. Droopy eyelids,
infrequent or weak vocalizations, hypothermia
{body temperature less than 96°F or 35.5°C), and
weak grip are all signs of trouble.

A common problem in neonates is the failure to
begin nursing after birth. Infants nommally begin
nursing within a few hours of birth and infants that
do not nurse during the first 8-12 hours lose
strength rapidly. They may cling in abnormal posi-
tions such as to the dam’s leg, arm, or back. Once
the infant’s strength wanes, its head begins to drop
and the grip becomes weak, unti! it finally falls off
the mother. Infanis may not be able to nurse for sev-
eral reasons, including:

* Neonatal weakness due to a premature or trau-
matic birth

» Inability to initiate nursing because of irregular
maternal anatomy as encountered with obese
females or females with inverted or smalt nipples

» Inability to nurse ofien enough (Agitated
femaies move frequently thereby preventing
infants from suckling for sufficient amounts of
time.)

+ Matemnal neglect (Matemal factors predisposing
toward neglect include illness, first-time birth, or
increased agitation. Dams may also reject
hypothermic or weak offspring.)

Hypothemia, hypoglycemia, and dehydration are
commonly encountered problems. A hypothermic
but otherwise healthy neonate can be warmed, given
oral electrolytes and dextrose, and retumed o a
matemnally competent dam. If a dam neglects her
offspring but is not aggressive, isolating the mother
and infant(s) for several days in a small confined
space, such as an airline kennel, may induce a reluc-
tant dam to care for her young. Infants may need
partial support in the form of oral or subcutaneous
fluids, feeding, or warming untit a dam begins
showing interest in her offspring.

The longer mother and infant are separated, the
greater the likelihood the mother will reject the
infant when returned. Matemal rejection may occur
after separations of 24 hours or less in the case of
newborns. Therefore, housing the mom in close
proximity 1o the sick infant and maximizing visual,
olfactory, and physical contact improves the chance

the mother will accept the infant when it is returned
to her.

FORMULAS, SUPPLEMENTS, AND
DAILY CALORIC REQUIREMENTS

Information on the composition of normal lemur milk
is limited but available data indicate composition
varies widely between species (Tilden 1997), In gener-
al, species that carry their young produce dilute milk
low in energy, fat, and protein. Infants nurse on
demand and ingest small amounts of milk frequently.
Ring-tailed lemurs (Lemur catta) and true lemuis
(Eulemur spp.) fall in this category. Species in which
infants are left unattended for extended periods and
nurse only upon return of the mother produce milk
with higher fat, protein, and gross energy. This group
includes ruffed lemurs {Varecia variegata), aye-ayes
{Daubentonia madagascariensis), and many small
nocturnal lemurs and prosimians. Preliminary evi-
dence suggests that sifakas produce milk with a high
far content relative to other primates that carry their
young. Fat levels in two samples of sifaka mitk col-
lected at the Duke University Primate Center and ana-
lyzed at the National Zoological Park in Washington,
DC, had fat levels of 11.5 and 13.5%, respectively, If
the use of artificial formulas becomes necessary, they
should approximate as closely as possible the cotnpo-
sition of normal mother’s milk for the species being
raised. While lemurs have been successfully raised on
cow milk formulas, formulas using human infant for-
mula or Zoologic Milk Matrix (PetAg) as a base are
preferable because the balance of vitamins, minerals,
and micronutrients is likely to be more appropriate for
young, growing primates, 1t is important to note that if
human or Milk Matrix formulas are used, supplemen-
tal pediatric vitamins should be avoided as the combi-
naticn can lead to overdoses of certain vitamins and
minerals, particularly iron (Spelman, Osbom, and
Anderson 1989). Thus, when human formulas are
used, low-iron varieties are preferred, For recommend-
ed formulas see Table 15.1.

Care must be given to mixing formula consistent-
ly and in a hygienic manner. Keep in mind the fol
lowing poinls:

» Formula spoils quickly so prepare only enough
to last 24 hours and keep unused portions refrig-
erated. Heat only the portion to be fed during a
single feeding and discard heated formula that is
not consumed,

» Sterilize mixing bottles before preparing formu-
la. It is not necessary to sterilize the formula
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Table 15.1. Formulas

Ring-tailed Lemurs and True Lemurs

Formuig 1; 30 mi human infant formula prepared according to directions

30 ml nonfat milk
3 ml 50% dextrose

Formula 2: Zoologic® Milk Matrix 20/14—10 g powder 1o 100 ml water

Roffed Lemurs

Formula 1: 100 ml human infant formula prepared according to directions

5 g nonfat dried milk powder

Formula 2: Zoologic Milk Matrix 20/20—18 g per 10¢ m} of water

Formula 3: 120 ml whole cow’s milk
15-22 mi rice cereal or 7 ml 50% dextrose

1-2 drops pediatric vitamin drops per animal per day

Sifakas

Formwla 1: 5 g powdered human infant formula

2 g Esbilac milk replacer powder (or Zoologic Milk Matrix 30/55).

Add water up to 40 ml

Formula 2: Zoologic Milk Matrix 23/30—20 g per 100 mi of water

Notes: Zoologic Milk Matrix and Esbilac distributed by PetAg Inc., 261 Keyes Ave., Box 396, Hampshire,

IL 60140; Phone 1-800-323-0877; www.petag.com

itself. Syringes, feeding tips, and stomach tubes
can be washed, soaked in dilute chlorhexidine
disinfectant, and rinsed well between uses.

+ The temperature of the formula is very important.
Infants generaily prefer formula at body tempera-
tee and may reject formula that is too hot or oo
cold. The person feeding the infant should always
test the temperature by dropping a few drops on
the inside of his or her wrist prior to feeding.

* Warming formula in a microwave or water bath
may result in overheating or uneven heating (hot
spots}. Always mix formula thoroughly before
testing the temperature.

Energy requirements of lemur infants are estimat-
ed according to those of other nonhuman primates
and range from 0.15-0.25 kcal/g of body weight/
day in newbomns. Energy requirements increase for
several weeks thereafter depending on the species,

WHAT TO FEED INITIALLY

For the first 24 hours give warmed electrolyte solution
containing dextrose every one to two hours orally at a
volume of 1-2 mVK100 g body weight. Saline with
dextrose added to 10% is preferred but Pedialyte

{Ross) alone may be used in a pinch. If after the first
day nutritional support is still needed, transition
infants to formula by feeding half-strength formula
and electrolyte solution (or Pedialyte) for 24 hours,
three-fourths-strength formula for another 24 hours,
and finally fuli-strength formula. Normai stools and a
lack of abdominal bloating indicate tolerance of the
formula, Normal stools of sifaka infants are pelleted
while those of most other species are semiformed and
yellow to brown in color.

In most mammals there is antibody transfer in the
initial milk, or colostrum, produced by the mother.
Thus, infants who receive colostrum have an advan-
tage over those that do not. If an infant is not able to
nurse or is prevented from nursing by the dam,
colostrum can be manually expressed from the
mother and fed by syringe. Alternately, many dams
will allow infants to be manually placed on the nip-
ple o suckle if lightly sedated and gently restrained.
Keeping a dam’s mammary glands emptied also
encourages continued milk production, which is
important if infants are to be reunited with their
mothers. This is preferred because mother’s milk
will likely continue to provide some degree of anti-
body protection te the infant.
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NURSING TECHNIQUES

Feeding and handling techniques should approximate
the natural feeding position and nipple size of the
dam as much as possibje. Lemur neonates may be
difficult to feed initially. Weak or sick infants may
have a depressed suckle reflex and wall not take flu-
ids voluntarily. Slowly dripping fluids from a syringe
or eyedropper may be necessary. Many are also reluc-
tant to suckle on artificial nipples. As feeding vol-
umies are initially small, it 13 easier to control delivery
rate and o rack amounis consumed if infants are fed
by syringe. A red rubber feeding tube can be cut 1o
size and attached to the syringe tip 1o serve as a nip-
ple. Even though a neonate may suckle on the nipple,
the feeder determines the rate of the delivery of the
formula with the syringe. Once the infant is larger, it
can be trained o feed from a pet nurser if desired
(Fig. 15.3).

Most infants come to accept an arificial nipple
well. Occasionally an infant refuses the nipple alto-
gether and must be fed by stomach tube or gavage.
Size 8-12 French red rubber catheters make ideal
stomach tubes. First measure the distance from the
nose to the lasi rib to determine how far to insert the
tube. Mark the appropriate length with a piece of
tape or indelible marker. With one person holding
the infant, a second inserts the tube in the infant's
mouth and slowly guides the tube over the base of
the tongue, past the gag reflex, and down the throat.
Once past the gag reflex, the tube should advance
easily into the stomach, If the tube does not advance
easily to the measured length withdraw it and start

over. Infants may not always cough or gag in
tesponse to the tube emenng the trachea. Once
inserted, the proper position of the tube in the
esophagus can be verified by palpation of the tube
in the neck just alongside the trachea. Older infants
may need to be swaddled in a towel to prevent them
from grabbing the tube and puiling it out of their
mouth. Deliver the formula slowly by synoge,
Extreme care must be taken not to overfill the stom-
ach. Imitially, feed only 75% of the volume that
would be fed by bottle or syringe and increase grad-
ually only if the infant seems to accept the increas-
es easily. With the wbe still in place, flush the
remaining formula from it with a small amount of
water and kink the tube before removing to prevent
backflow.

Hand-fed infants are at risk of developing aspira-
tton pneumonia if formula or fluids are fed too
quickly. Give careful attention to the rate formula s
fed and to using proper technique when passing
stomach tubes. For consistency, limit the number of
feeders if an infant requires repeated stomach fub-
ing.

FREQUENCY QOF FEEDING
AND AMOUNTS TO FEED

Newborns should be fed every two hours around the
clock for the first week. Once the infant is gaining
weight steadily, formula quantity and the time
between feedings can be graduvally increased.
Lemurs that normally ride on their mothers, norse
for long perieds and it is important to resist the
temptation to spread out feedings too quickly when

Flgure 15.3. Technique for
feeding a sifaka infant by
syringe (photos by David
Haring, Duke University Primate
Center).
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hand feeding. Feedings should be administered on a
body-weight basis with the frequency and amount
adjusted according to individual tolerance and
weight gain. The amount of formula consumed
daily as a percentage of body weight will vary but
25% is a good target amount. Ruffed lemurs appear
to be an exception. Meier and Willis (1984) docu-
mented a consumption of 50-60% of body weight
per day in formula-reared infants. Consumption
peaked at three weeks then steadily declined to 25%
of body weight by the third month,

EXPECTED WEIGHT GAIN

After an initial one- to two-day period of adjust-
ment, infants should gain weight and increase for-
mula intake on a daily basis. If a progressive
ingcrease in both is not seen, an assessment of the
infant’s diet and health is warranted, Expected
weight gain per day varies among species. Growth
rates are typically slower the first month and
increase thereafter. An additional acceleration
occurs when animals begin consuming significant
portions of solid food around weaning, Weight gain
of formula-fed infants should ideally approximate
that of maternally reared infants (Figs. 15.4-15.7).
The following values are for matemally raised
infants through four to five months of age.

o Ruffed lemurs {Varecia variegata variegata)
average 48 g/day for the first month then
increase 1o 12-15 giday.

e Ring-tailed lemurs (Lemur catra) and Coquerel’s
sifaka (Propithecus verreauxi coguereli) both
average 4-7 gfday through the first four months

but the rate of gain during the first two weeks is
slower for sifakas averaging only 2—4 g/day.

* Among the true lemurs (Ewlemur spp.), average
birth weight and adult body weight vary with the
subspecies. In blue-eyed black lemurs (Eulemur
macaco flavifrons), weight gain is minimal the
first week then increases to 5-7 gfday thereafier.

HOUSING

Because neonatal lemurs rely on their mother’s
body heat to keep them warm, they become rapidly
hypothermic if removed from their mother. Warmth
is one of the most important considerations espe-
cially during the first weeks of life. The basic
requirements are a regulated heat source, a ther-
mometer 10 monitor temperature, and a secure
enclosure that is easy to clean. Incubators are
preferable especially for very young animals. Set
humidity at 50-65% and surrounding air lempera-
tures at 96-98°F (35.5-36.7°C) for neonates, and
adjust as needed to maintain body iemperature
between 96-98°F (35.5-36.7°C). Temperatures are
gradually decreased as the infant ages and its abili-
¥y to thermoregulate improves. House only one
infant per incubator unless the incubator can be
divided, as oversuckling of digits or other body
parts may occur in group-housed neonates. For
infants older than a month, a heat lamp or warm-
water circulating heat blanket may be sufficient if
an incubator is not available, Standard heating pads
are not recommended because (emperatures can
become hot enough to burn infants.

It is important that clinging species be provided a
soft surrogate on which to cling. Ideally, surrogates

o ... B18CK and White Ruffed Lemur (Varecia varfegate variegata)

Weight ()

Figure 15.4. Growth of 7
maternally reared black and
white ruffed lemur; 1 singleton,
1 set of twins, 1 set of quadru-
plets.
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Ring-talied Lamur {Lemur catta)

Figure 15.5. Growth of 8
maternally reared ring-tailed
lemurs; 4 singletons and 2 sets 6— ——- - — —_— :
of twins (2 = 0.97; r = 0.98). @B W ey T W W

Blre-oyed Black Lamur (Eviemur macaco flavifrons)
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Figure 15.6. Growth of 13 = '

maternally raised blue-eyed 0 -
black lemurs; ali singletons (2= o » o B el P ™
0.93).

Figure 15.7. Growth of 7 : S . R
maternally reared Coquetrel's v = - YO S " "
sifaka; all singletons (r’=0.92).
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should allow the infant to cling in a position that
mimics that on the mother. While 2 wide variety of
surrogate designs have been described for primates,
washable stuffed animals are readily available and
well accepted by most infants. Once infants are
moved out of the incubator 10 a larger cage or enclo-
sure, branches, chains. ropes, or boxes may be
added to encourage jumping, leaping, and swinging
behaviors.

SPECIAL NEEDS

Infants that are fed artificial formulas are not receiv-
ing antibodies normally present in mother's miik.
Therefore, care should be taken to minimize expo-
sure to potential pathogens. Personnel handling the
infant should wear clothing designated for that
infant including gloves and a clean lab coat or
gown. Clothing should be changed between han-
dling differen: infants. People with upper-respiratory
infections, flulike symptoms, or active herpes
lesions should not have any exposure 10 the infants.
Clean the incubator and change towels and bedding
daily.

Mothers groom the anal-genital area of neonates
to stimmlate urination and defecation. In hand-
reared infants, gently rubbing 2 cotton ball dipped in
warm water across the anal-genital area after feed-
ing accomplishes the same purpose and should be
done after every feeding. Mothers will provide
grooming for supplemented infants that are returmned
after feedings.

Socia) interaction in the way of grooming, play-
ing, and bonding interactions are important to nor-
mal lemur development. An ideal time to provide
social stimulation and encourage physical activity
in hand-reared infants is after feeding. Grooming an
infant with a toothbrush not only helps keep it clean,
but also provides tactile stimulation it would nor-
mally receive from its mother. If multiple infants are
being raised, they can be housed together starting at
one and a half to two months. Infants raised in iso-
lation of other group members need opportunities
for physical activity outside of their enclosure.
Infants as young as a month can make smal! jumps
between closely spaced branches or poles or even
between the table and the handler to begin develop-
ing physical coordination.

TIME TO WEANING

Depending on the species, maternally raised infants
are weaned between four and six months but toler-
ant dams may allow nursing for several months

beyond the normal weaning time, For the purposes
of hand rearing, ruffed lemurs and sifakas are
weaneqd at five months and ring-tailed lemurs and
brown lemurs at four months.

TIPS FOR WEANING FROM FORMULA TO
SOLID FOOD

Finely ground old world primate biscuit (Purina
Monkey Diet 5038, PMI Nutrition International) or
similar substitute is added to the formula and fed by
syringe or bottle similarly to straight formula start-
ing at four weeks of age. Grinding chow with a mor-
tar and pestle eliminates lomps but it may be neces-
sary to increase the opening in the end of the nipple
to accommodate the thicker formula. Add 25 g
chow per 100 ml formula for infants four to eight
weeks of age and increase to 5 g per 100 m! for
infants eight weeks and older. Solids in the form of
softened chow, fruits (bananas, grapes, apples),
cooked vegetables (sweet potato, carrots, comn), and
leafy greens (spinach, collards, kale) are offered
starting at four weeks. Avoid fruits containing pits
as they may cause diarthea.

Sifakas possess specialized adaptations of the
large bowel, including a spiral colon, which
enbances their ability to derive energy from bacter-
ial digestion of fiber. Feeding fruits and simple car-
bohydrates to young sifakas disrupts the balance of
normal gut bacteria and should be fed only in small
amounts, if at all. The inclusion of fresh leafy
browse starting at four to six weeks of age helps
encourage the colonization of the hindgut with ben-
eficial fiber-fermenting bactena.

Experience at the Duke University Primate
Center shows that lemurs develop taste preferences
early in life and adult diet habits result from experi-
ences with food as a youngster. During the weaning
process it is important to encourage the consump-
tion of a nutritionally balanced primate chow over
that of froits and vegetables. Infants that obtain a
majority of their caloric requirements from fruit and
vegetables are at tisk for developing nutritional defi-
ciencies during weaning and adolescence.
Encouraging infants to wean onto chow instead of
fruit takes perseverance. Softening the chow in for-
mula, fruit juice, or small amounts of mashed
banana makes it more appealing to young taste
buds. Old world primate biscuit is used initially for
all species. Sifakas should be gradually changed to
a high-fiber biscuit during the weaning process
{Mazuri l.eaf Eater #5672, PMI Nutrition
International, or similar substitute).
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COMMON MEDICAL PROBLEMS

Hypoglycemia. hypothermia, and dehydration are
common problems in lemur infants. Lethargy and
anorexia are commonly seen when one or a combi-
nation are present, Giving oral 10% dextrose is
appropriate even if blood cannot be obtained to
check the glucose level. If glucose cannot be given
orally, 5% dextrose in fluids is an alternative.
Hydration status is difficult to assess in young
temurs and prophylactic treatment for dehydration
with warmed subcutaneous fluids is appropriate.
Both lactated Ringer’s solution and 0.9% sodium
chloride are good choices

Gastrointestinal problems can resuit from
improper feeding or formula composition. If care is
not taken to remove air from syringes and feeding
tubes, it accumulates in the stomach causing the
infant to become fussy or refuse feedings. Gas in the
stomach is easily verified on radiographs. Passing a
stormnach tube and using a 5-10-ml syringe to apply
fight suction effectively removes gas retained in the
stomach. Gas can also accumulate diffusely
throughout the gastrointestinal tract leading to
abdominal distension and discomfort. Gas accumu-
laion is secondary to decreased gastrointestinal
motility resulting from enteritis, improper formula
composition, or intestina! obstruction, Drugs that
enhance gastrointestinal motility are rarely benefi-
cial and are contraindicated in cases of suspected
obstruction. Therapy is aimed at correcting the
underlying problem.

Diarrhea is a common problem in hand-reared
lemurs. Following strict hygienic protocols when
making formula and handling infants is the best pre-
vention against infectious causes of diarrhea. Stool
cultures for Saimonella. Shigelia, Yersinia, and
Campylobacter help rule out diarrhea caused by
pathogenic bacteria. When performing fecal para-
site exams, give particular care to rgle out
Cryptosporidia and Giardia. Diarthea can also be a
sign that the formula or recently introduced solids
are not well tolerated. To combat diarrhea, first
ditute the formula or decrease the amount fed. In
some cases soy-based formulas are better tolerated
than one based on casein or cow’s milk. Restrict
solids to small amounts of those tolerated well
before the onset of diarrhea. Limiting fruit alone
may solve the problem.

REINTRODUCTIONS

Reintroducing lemur infants to their mother, natal
group, or unrelated lemurs must be undertaken with
care as both males and females will frequently kill
young they do not recognize as their own. In gener-
al, longer separations are tolerated for older infants
than for younger infants. Dams separated from their
offspring at birth may becormne aggressive in as little
as 24-48 hours if they are out of visual and audito-
ry contact, During reintroductions, providing visual,
auditory, and olfactory contact is a good way to
assess the level of aggression directed ioward a
youngster by an adult. If no signs of aggression are
noted contacl is gradually increased until the ani-
mals have full continual contact. The rate at which
retntroductions can be accomplished vanes greatly
depending on the species, age, and relationship of
the animals being introduced. In-depth descriptions
of reintroduction procedures are beyond the scope
of this chapter but additional information is avail-
able in articles by Coffman (1990} and Brockman,
Willis, and Karesh (1987).

SOURCES OF PRODUCTS MENTIONED

PetAg Inc., 26! Keyes Ave., Hampshire, IL
60140; 1-800-323-0877, 1-800-323-6878:
wwWw.petag.com

PMI Nutrition International, Inc.. Brentwood,
MO

Ross Products Division, Abbott Laboratories,
Columbus, OH 43215-1724; 1-800-986-8510;
www.abbott.com, www.ross.com
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Tamarins

Laurie Hrdlicka and Cynthia Stringfield

NATURAL HISTORY

The average birth weight varies between species of
tamarins. Exampies include the cotton top tamarin
(Saguinus oedipus oedipus) weighing an average of
53 grams at birth, the golden lion tamarin
(Leontopicthus rosalia), which averages 60 grams at
birth, and the emperor tamarins (Saguinus imperator
imperator) or (Saguinus imperator subgrisesans),
which weigh approximately 39 grams at birth.

Births are not usually seasonal. Multiple births
are common, usually with twins or triplets born.
Singletons are usually larger. It is often necessary to
hand rear one infant when triplets are born.

RECORD KEEPING

Initial records are started at birth. Parent LD. and ages,
past history, litter size, and reasons for hand rearing are
noted, Daily charts are maintained and include feeding
times, food intake, supplements, medication, behav-
iors including attitude and appetite, and urine and feces
production including consistency and color.

EQUIPMENT

Initially infants are fed with a 1-ml (tuberculin}
syringe with the tip of a size 8 French rubber
catheier/feeding tube attached to the syringe tip. At
four to six weeks infants learn to take formula from
a hamster-size water bottle, Formula is prepared
daily and stored in 4-0z (120-mi) glass baby boitles,
You will also need an artificial lamb’s-wool rug and
a surrogate stuffed toy (World Wiidlife species-
specific {tamarin] siuffed animals are best).

CRITERIA FOR INTERVENTION

Infants that have been dropped by the parents are
pulled for hand rearing. In some cases one tripiet
will be pulled for hand rearing to ensure the survival
of all three.
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ASSESSMENT OF THE NEONATE

Infants should cling tightly to a surrogate. If not,
this signals weakness. Hydration, body temperature,
weight, and respiration are assessed upon the initial
and all subsequent physical examinations.

INITIAL CARE AND STABILIZATION

The umbilicus is weated with 100% Betadine solu-
tion daily until it drops off. The infanis may be
placed on a warm water bottle or heating pad set on
low if hypothermia is a concern, until a normal body
temperature is achieved. A normal body tempera-
ture may range from 97 to 99°F (36 to 37°C)
Subcutaneous fluids may be administered to a dehy-
drated infant and an antibiotic administered if bite
or trauma wounds are present. Once initial care and
stabilization are completed, the infant should be
placed in an incubator to rest.

FORMULA AND SUPPLEMENTS

All tamarins are hand reared on Similac low-iron infant
formula (Ross). This is a canned ready-to-use formula,
Until recently a supplement called Sustagen powder
was added to the formula at the rate of 1/2 tsp (2.5 ml)
per 30 ml Similac to increase caloric intake and improve
weight gain. Because Sustagen is no longer available,
we have replaced it with canned liguid Boost at the rate
of 10 ml Boost per 30 ml Similac, and have seen marked
improvement in weight gain. We use vanilla-flavored
Boost (Mead Johnson). Remember that:

Prepared formula expires in 24 hours.

Feeding equipment and storage bottles are steril-
ized between each use.

Formula is heated in warm water to an approxi-
mate body temperature before feeding. Test for-
mula temperature on wrist before feeding.

Any formula not consumed at the feeding should
be discarded.
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WHAT TO FEED INITIALLY

The first feeding should be warm Pedialyte (Ross)
to ensure the neonate is swallowing normally. This
should help to determine if the palate is normal.
Neonates are so tiny it is difficult to examine the
palate, If the palate is normal, proceed with 50%
formula and 50% Pediaiyte for two feedings, then
75% formula and 25% Pedialyte for two feedings,
then full-strength formula, barring any complica-
tions, [nitially infants are fed every two hours from
6 A.M. until midnight. The only time an infant would
be fed throughout the night would be if it were
received late in the day, if it were weak, or if it were
not nursing readily (Fig. 16.1}.

NURSING TECHNIQUES

Begin feeding by placing a drop of fluid on the
tongue or mouth of the infant. It should begin to
swallow immediately, however sometimes it takes a
few feedings before it catches on. The infants usu-
ally begin lapping formula within the first 48 hours
and most will actually suck on the catheter tip. Use
exireme caution at this time not to cause the infant
to aspirate by putting too much pressure on the
plunger of the syringe.

Animais are stimulated to defecate by wiping the
perineum with a warm, moist, sterile cotton: ball at
every feeding initially. This is decreased as the ani-
mal begins 10 defecate on its owan. Tamarins usually
do not need stimulation to defecate after the initia!
24 hours,

AMOUNTS TO FEED

Initially, infants are fed 10% of sheir body weight
per 24 hours, For example, an infant weighing 30
grams would be fed 0.3 ml each feeding, for ten
feedings in 24 hours, or 3 ml total, (At the Los
Angeles Zoo, feedings begin at 6:30 a.m. and con-
tinue every two hours until 12;30 a.m.) Once an
infant is readily consuming all formula offered, the
amount is increased by 0.1 ml total each day, The
animal’s weight gain, vigor, acceptance of increas-
es, and stool quality are all taken into account while
adjusting formula amounts. Each animai should be
treated as an individual. At three weeks of age solid
foods are introduced and feedings are decreased in
number (see Time to Weaning below).

EXPECTED WEIGHT GAIN

Infants are weighed daily before the first feeding on
a gram scale that measures grams in tenths for com-
plete accuracy. Traditionally we have experienced
poor weight gains until infants begin consuming
solid foods. Neonates lose weight initiaily and do
not reach their birth weight again until the second
week, We usuajly don’t sce a significant weight gain
until two weeks of age and even then the weight wili
fluctuate unal the infant is readily consuming solid
foods at three 10 four weeks of age. As mentioned
earlier, we recently amended our formula. To daie,
we have only raised one infant on this new formula.
This infant surpassed its birth weight on day 6 and
by day 21 had a 40% weight gain. This is 2 marked
improvement gverall.

Figure 16.1. Tamarin eating
from syringe.
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HOUSING

Al tamarin infants are housed in brooder-type or
Armstrong hospital incubators {(older model,
Armstrong X4 baby incubator model 500: The
Gordon Armstrong Co.} with an initial temperatuie
of 90°F (18°C). The incubator temperature is grad-
uatly decreased 1o room temperature by four weeks
of age. The incubator is kept adjacent to the adult
family of tamarins that is housed in the nursery io
allow the infants 10 socialize. When the infant
reaches four weeks of age, it is siowly introduced
for short periods of time o a wire cage, which is
also adjacent to the adult enclosure. The time the
infant spends in the adjacent cage is increased as the
infant adjusts to the new environment. The infants
continue to sleep in the incubator at night for
approximately two mwore weeks, Incubators and
cages are bedded with towels and artificial lamb’s-
wool rugs, and a stuffed animal (species-specific)
surrogate is provided (Fig. 16.2). The cages have
natural perches of various sizes as well.

Zoo tamarins are raised purposely with minimal
human contact to enable them to be properly social-
ized with other tamarins.

TIME TO WEANING

Tamarin infants are weaned from formula by three
to four months. At 21 days, solid food is introduced
{banana) and the first morning feeding is eliminat-
ed. As solid food intake increases, formula feedings

Figure 16.2. infant tamarin with stuffed toy
surrogate.

are eliminated every seven days, beginning with the
night feedings, until the infant is weaned. If infants
are not readily accepting solid foods or not gaining
weight, feedings are eliminated at a slower rate, and
weaning will take 2 bit longer. Guidelines at this age
are 3.5 to 6 ml per formula feeding (depending on
the size of the species and individual) at each of
three to five feedings per day. During weaning, the
infant is also encouraged to take formula through
the wire cage from a water bottle or syringe to pre-
pare for its reintroduction.

REINTRODUCTION TO FAMILY GROUP

At approximately six weeks old the infant’s cage is
placed inside the exhibit (assuming that the infant
has had visual comact for several weeks). If no
aggressive behavior is noted toward the infant, and
the infant appears comfortable, the cage door is
opened so it can venture out and/or other family
members can go in. It is usually only a few days but
can take up 10 a few weeks for the infant to interact
and socialize with the family. Oftentimes, the infant
will choose to ride on an adult or older sibling.
Fuzzy rugs are tacked into the bottom of the nest
boxes for security. If the infant chooses to sleep in
the cage, we often bring it back to the nursery at
night, but once it begins sleeping with the other
family members in the nest box it will stay in the
exhibit permanently. The infants are still on day for-
mula feedings, at this point through the cage wire.
Weaning is usually completed after the infant is liv-
ing in the exhibit. This introduction technique has
proved very successful. There have been cases in
which we had to halt introduction due to aggression
by certain adults, but we were later successful in
introducing those infants 1o other families.

COMMON MEDICAL PROBLEMS

Tamarins are affected most commonly by the fol-
lowing medical problems.

Viral diseases of people (for example herpes
simplex) can be fatal to tamarins. Appropriate pre-
cautions must be taken to prevent transmission of
diseases from people to tamarins.

Animals must be exposed to fuil-spectrum light
and/or taken outdoors to receive natural sunlight to
prevent metabolic bone disease.

Animals may present with chewed fingers, toes,
and tail, inflicted by the parent(s). Wound care and
antibiotic coverage are important to prevent sys-
temic infection. Enrofloxacin is one antibiotic that
has been used successfully to treat appropriate bac-
terial infections in young tamarins.
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Animals are commonly presented as bypother-
mic, dehydrated, and weak. Systemic bacterial
infection may also be present. Supportive care
including fluids. warmth, and antibiotics, is needed.

Culture of feces or rectum and stool sample
analysis for Giardia, Campylobacter, and others are
indicated in diarthea cases and appropriate treat-
ment shouid be instituted. Enrofloxacin bas been
used to treat Campyiobacter, and either fenbenda-
zole or metronidazole have been used to treat piar-
diasis.

Cleft palate has been seen in only one tamarin
bom at ouy institution.

SOURCES OF PRODUCTS MENTIONED

Gordon Armstrong Ce., Inc., Bulkley Building,
1501 Enclid Ave., Clevetand, CH

Mead Johnson Nutritionals, Evansvifle, IN
AT721; 1-800-222-9123; www.meadjohnson.com

Ross Products Division, Abbott Laboratories,
Columbus. OH 43215-1724; 1-800-986-8510;
www.abbott.com, www.ross.com
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NATURAL HISTORY

Two species of macaques commonly raised in cap-
tivity are the rhesus macaque (Macaca mulatta) and
the smaller cynomolgus macaque {Macaca fascicu-
{aris). The average birth weight for rhesus monkeys
is 450-525 grams and they are generally born
during the springtime months (March—June). Cyno-
molgus monkeys are smaller at birth with the
average birth weight being 325-375 grams, and are
bom at any time throughout the year. Both species
may be weaned at 10-12 weeks.

RECORD KEEPING

Keep a daily log of hydration, food intake, appetite,
attitude, feca! production. fecal consistency, and
body weight.

EQUIPMENT
The following items shoutd be on hand:

PetAg bottles (65 ml} and nipples for small mam-
mals

Human infant formula

incubator {see Fig. 17.3)

Towels, cloth diapers

Stuffed plush toys

Self-feeding device (see Figs. 17.2, 17.5)

Hanging (Lixit} bottles

Small cage at time of weaning

Dextrose (5%) and Tang with electrolyte solution
or Gatorade

Personal protective equipment: gloves, surgical
masks, eye protection, arm protection (see Fig,
17.1)

CRITERIA FOR INTERVENTION

It is necessary to hand rear macaque infants that are
failing to thrive, orphaned, or abandoned., While it is
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normal for neonates o lose up to one-tenth of their
body weight within the first week of life, they
should subsequently be steadily gaining weight,
Infants should appear bright and alert and cling to
their mothers with both hands and feet. The first
sign of a weak infant is often failure to cling.
Maternal abuse is rot uncommon in the macaque
species and infants need to be immediately removed
from an abusive situation. First-time mothers are the
most common abusers,

All macaque species are potential carriers of cer-
copithicine herpes 1 (simian herpes B virus). In
macaques, this virus is relatively benign and causes
occasional vesicles in or around the oral cavity. If a
human contracts the virus it can cause a fatal neuro-
logic disease, The virus may be present in any of the
monkey's body fluids, but is most concentrated in
saliva. Because of the risk of viral infection, all
caretakers should wear appropriate personal protec-
tive equipment 10 prevent exposure to primate bod-
ily fluids (see Fig. 17.1). It is also recommended to
have established a reiationship with a physician
knowledgeabie with the pathophysiology of cercop-
ithicine herpes 1 prior to working with these ani-
mals.

All enteric diseases that affect nonhuman pri-
mates wil! cause disease in humans as weli. Gloves
should be worm at all times when handling ifants or
soiled bedding. Hand washing afier handling the
infant is also recommended for all caretakers.

Macaque species are highly susceptible to
measles virus (rubeota). In macaque infants the dis-
ease can cause anything from a mild rash to severe
immunocompromise and death. For this reason, all
caretakers working with macaques should be vacci-
nated for measles. Caretakers with known recent
exposure to measles virus (within seven to ien days)
should refrain from working with macaque infants.



Macaque Species 119

Figure 17.1. Appropriate per-
sonal protective wear for work-
ing with macaque species.

ASSESSMENT OF THE NEONATE

Newborns that require attention need a complete
physical exam. Hydration status is best evaluated
clinically by skin turgor and eye position.
Dehydrated infants will have skin that remains tent-
ed over the forchead when pinched and will have
sunken eyes. An accurate temperature, fecal culture
and stool sample for parasitology. and a blood sam-
ple for electrolyte and glucose measurements
should be obtained.

FORMULAS

Infant macaques generally do quite well when fed
any of the commercialty available human infant for-
mulas. Enfamil (Mead Johnson) or Similac (Abbott)
are good choices. Infant macaques require 200
kcal/kg/day for adequate growth to occur. Formula
should be mixed in accordance with the package
directions. Formula should be warm but never hot.
Formula in a bottle may be used for up to two hours
after warming and then must be discarded.

NURSING TECHNIQUES

Healthy infant macaques may readily be hand
reared. Infants should be held upright for feeding,
and wrapping the animal in a diaper or small towel
is often helpful. Infants will generally nurse well
from a pet nurser and with a few training sessions.
can be taught to nurse from a bottle in a self-feeding
device (see Fig. 17.2). Care must be taken {0 not
allow the ipfants to nurse too quickly as this may

lead to vomiting and possible aspiration. Making
the hele in the nipple just large enough that a drop
of formula forms when the bottle is inverted will
minimize aspiration risk. For difficult infants that do
not have a strong suckle reflex, formula may be
slowly dropped ento their tongues, as they will gen-
erally swallow the formula once it is placed in their
mouths.

TUBE FEEDING

Due to the nisk of vomiting and aspiration, we gen-
erally do not vse this method of feeding. If this
method of feeding is used, it can be done using a 5
French red rubber catheter (Kendall Sovereign
Feeding Tube and Urethral Catheter).

An infant macaque should be tube fed when other
feeding attempts are unsuccessful. Since infant
monkeys can grab with their hands, it is easiest to
have one person restrain the infant, holding the arms
gently next to the animal. Alternatively. the infant
can be wrapped in a towel keeping the arms and
hands out of the way. Size 5-8 French red rubber or
silastic catheters make good feeding twbes. Measure
the distance from the nose to the last rib to deter-
mine how far 10 insert the tube. Mark the appropni-
ate length with indelible marker. Hold the infant’s
head in one hand and guide the catheter into the
moyth with the other. Gently advance the catheter
into the stomach. If the tube does not advance easi-
ly to the measured length, withdraw it and start over.
Infants, especially those that are very weak, may not
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Figure 17.2. Infants may be
trained to use the self-feeder by
gently holding them on the ramp
of the feeder and allowing them
to nurse.

cough or gag in response to the tube entering the tra-
chea. To verify proper placement. pass a small
amount of water (enough to fill the catheter and an
additional 1 ml) through the tube. This fluid should
be easily aspirated back into the syringe, and should
be clouded by stomach contents. Once placement
into the stomach is verified, deliver the formula
slowly by syringe. Feed only 50-75% of the volume
that would be fed by bottle to prevent overdistension
of the stomach and possible vomiting. Once the for-
muila has been delivered, with the catheter still in
place, flush the catheter with a small amount of
water. Kink the tube to prevent backflow and gently
remove it.

FREQUENCY OF FEEDING

Infants should be fed every two to four hours from
morning 10 late evening (approximately 7 a.m. to 10
PM.) until about five weeks of age. Food intake
ranges from 50 to 150 mV/ day for the first few days
but is generally 200-250 ml/ day by the time an
infant reaches 14 days of age. Solid food such as
formula-soaked primate chow (Purina Lab Diet),
rice cereal with formula, and fruit (apple and
banana) may be added into the diet starting al two
weeks of age. Macaque species will generally
explore their environment and begin eating whatey-
er foods are offered to them. For infants that are not
eating well on their own, rice cerea} may be hand
fed 1o them using a small spoon or tongue depressor,
Water and electrolyte sclution (Gatorade or Tang
with oral electrolytes) may be offered in Lixit bot-

tles attached to the side of the cage and should be
added to the diet at three to four weeks of age. At
four 1o five weeks of age, infants can begin vsing
hanging bottles for formula. Pet nursers and self-
feeders may be removed once the animal is drinking
formula well from hanging bottles and eating solid
food. Formuia may be stopped completely at about
three months of age.

EXPECTED WEIGHT GAIN

It is not uncommon for infants to lose up 1o 10% of
their body weight during their first few days of life,
but usually they are gaining weight by day five to
seven. Infants generally gain from 15 to 30 grams
per week.

HOUSING

For the first three weeks the infant should be housed
in an incubator. A medium-sized. commercial incu-
bator can be purchased from Petiatric Supply
Company or one may be constructed from a
Nalgene seven-gallon tank. The Nalgene tanks may
be purchased from Cole-Parmar (catalog number U-
06323-11). See Figures 17.3a and 17.3b.
To build an incubator follow these steps:

1. Place the Nalgene box on its side so the open-
ing is facing you.

2. There will be a Kip around the opening of the
box. On the top side of the box, trim off the
edge of the tank to allow for a door,

3. Add runner strips on the two vertical edges,
perpendicular 1o the cut edge.
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Figure 17.3. (a) Incubator made from a Nalgene carboy tank. (b) Side holes with PVC piping

allow for a built-in self-feeder.

4. Usea 14 x 16 X 1/4 inch clear polycarbonate
square as a door. Slide this into the runner
strips.

5. Drill nine 1-in {2.5-cm) holes in the top to
allow for ventilation,

6. Drill two 1-in {2,5-cm) holes on one side at
two varying heights. (This will atiow you to
place infant bottles on the side of the incuba-
tor.)

7. Cutiwo 1 1/4 X 3-in (3 X 7.5-cm) pieces of
HDPE or PVC tubing. Cut a 30-degree bevel at
one end of each tube; affix the beveled end
around the openings of the side hole. These
will serve as bottle holders.

Temperature is controlled within the incubator by
placing an electrical heating blanket at the bottom
of the incubator. Place a thick, folded towel and a
cloth diaper over the heating pad so that the infant is
not in direct contact with the heating pad (see Fig.
17.3). The cloth diapers must be changed as soon as
they become soiled {(often several times a day). The
thick towels should be changed at least daily, more
often if they are soiled with feces or urine,

For the first four days, the ambient temperature in
the incubator should be kept at 90-94°F
(32.2-34.4°C), which corresponds to a heating
pad set on “medium.” For days 5 through 30, the
temperature may be decreased to B80-84°F
(26.7-28.9°C), which corresponds to 2 heating pad
set on “low.”

At 2] days of age, the infant may begin spending
a few hours a day in a small indoor cage {ambient
temperature 72-75°F (22,2-23.9°C). The cage
should be about 2 X 2 X 3 feet {0.6 X 0.6 X | m)}
in size and have a tight enough mesh to prevent an
animal from getting its arms and legs caught while
exploring its eavironment. This is also the ideal time
to begin socializing orphaned animals with other
orphans of similar size and age. Gradually increase
the time spent in the cage over seven lo ten days
until the infant is no longer spending time in the
incubator.

Infant macaques have a natural tendency to
*cling" to their mothers. It is helpful to place a plush
toy {ebout 5 in [I3 c¢m] tall) with the infant. The
plush toy may be of any shape and will serve as a
surrogate and allow natural behavior. Allow the
infant to cling te the plush toy during handling
(weighing, physical exams, etg,), as this will keep
the infant frorm becoming panicked and accidentally
scratching the caretaker.

Infants may be trained to use a self-feeder in their
cage or incubator. Building a self-feeder is practical
if several infants are being nursery reared at one
time. However, if only one infant is orphaned, hand
feeding may be a more suitable option. If a com-
mercial incubator is used the self-feeder may be
placed within the incubator. The self-feeder may
also be placed within the cage once the infant is old
enough 1o begin spending time out of the incuhator
(Fig. 17.4).
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Figure 17.4. Assemble ali cut pieces
of the self-feeder; fasten together
using clamps and polycarbonate
glus.

Figure 17.5. Self-feader with a towel
wrapped around it for padding.

To build a self-feeder, follow these steps:

1,

S

Using 1/4-in polycarbonate (Lexicon), refer to
the diagram and photo and cut out a total of
five individual pieces.

Cut wwo side pieces.

Cut one face piece.

Cut one rectangular stage.

Cut one rectangular back reinforcement plate.
Using clamps and polycarbonate glue, affix
the pieces together as shown in the diagram.
Cut a 1/2-in *V” shape at the center of the top
edge where the face meets the stage.

Using 1 [/2-in-diameter PVC pipe, cut a piece
that is 2 1/2 in long.

Now cut the pipe open by making a single,
longitudinal cut down one side of the PVC
pipe. (This will allow the pipe to open and
close just slightly.)

Set the pipe into the “V” cut on the top of the
device. Using a single screw, affix the pipe to
the top of the self-feeder. (The opening of the
pipe should face downward.)

Wrap the self-feeder in a towel and secure the
towel with heavy cloth tape {duct tape). Place the
bottle into the PVC pipe at the top of the feeder.
There should be just enough spring in the pipe to
hold the bottle securely (Fig. 17.5).
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TIME TO WEANING

Weaning takes place in both species at approxi-
mately 10 to 12 weeks.

COMMON MEDICAL PROBLEMS

Gastrointestinal problems such as diarrhea are rela-
tively common and may result from diet change
from breast milk to formula, gastrointestinal viruses
{rotavirus, coronavirus, parainfluenza), bacterial or
parasitic etiologies. If liquid stool persists for three
days, or compromises the infant’s intake and hydra-
tion, a stoof sample for direct examination and rec-
tal culture should be obtained.

The most common bacterial etiology for diarthea is
Campylobacter (99%). which may be treated with
tetracycline (20 mg/kg PO TID X 10 days) or azithro-
mycin (40 mg/kg PO SID x 1 day. then 20 mg/kg PO
SID X 4 days). Shigella and Yersinia are isolated more
often from animals housed outdoors and may be treat-
ed with enrofloxacin. For Shigella, 5 mg/kg IM SID X
5 days is sufficient, wheveas Yersinia requires 5 mg/kg
IM BID for 10 days. Alternatively, Shigella may also
be treated with trimethoprim sulfa at a dose of 4 mg/kg
PO BID for 10 days. Different species of Escherichia
coli may be treated with neomycin (50 mg/kg PO BID
X 10 days).

Common parasitic etiologies are Giardia,
Balantidium coli, and Trichuris. Giardia is treated
with metronidazole (50 mgl/kg PO SID X 10 days).
B. coli is best treated with tetracycline (20 mg/kg
PO TID x 10 days) because it treats both the
trophozoite and cyst forms. while metronidazole
only treats the trophozoite forms. Trichuris is treat-
ed with fenbendazole (50 mg/kg PO SID X 3 days).

For persistent diarthea of unknown etiology,
metronidazole (50 mg/kg PO SID X (0 days) is
used for its anti-inflammatory properties as well as
to treat possible anaerobic overgrowth,

Maintaining adequate hydration is essential.
Hydration status is most accurately determined by
daily weighing; but ean also be assessed by skin tur-
gor and eye position. Skin turgor should aiways be
tested in the same place on the animal. With normal
hydration, the skin at the brow midiine shouvld
rewurmn te its normal position immediately when
pinched. If the skin remains tented for one to five
seconds, the animal is approximately 5-10% dehy-
drated. If the skin remains tented for more than five
seconds. the animal is greater than 10% dehydrated.
If the skin does not return to normal position on the
brow, the animal is likely greater than 15% dehy-

drated and in need of emergency care. Eye position,
while helpful in determining hydration status, can
be misleading. Typically, a dehydrated animal will
have eyes that appear sunken in their sockets.
However, animals that have lost weight will also
have sunken eyes even when their hydration status
is normal. Mucous membranes can also be evaluat-
ed for hydration status. A dehydrated animal will
have mucous membranes that are dry or tacky to the
touch.

Supportive care is indicated if the infant’s hydra-
tion status begins to decline. Parental fluids may be
given at any age. Foods with high water content can
be used if the infant is eating solid foods. Good oral
supplements include bland foods such as rice cereal
with liquid high-protein drinks (Boost or Epsure) or
primate chow soaked with water or fruit-flavored
children's drinks (Tang) and are readily available
options.

Parenteral fluids may be given several different
ways. Try to select a rovte of administration based
on clinical condition and animal temperament. If an
animat is severely compromised, a continuous intra-
venous infusion over three hours at 30 mlkg/r is
the most effective means of rehydration. However,
infant macaques have very dexterous hands and can
easily remove an IV catheter. For this reason,
infants will often require terporary restraint on a
padded restraint board. The fluid infusion rate
should balance restraint time and graduval rehydra-
tion. For infants with moderate dehydration, a
combination of an IV bolus and subcutaneous (SC)
fluids is often adequate. An IV bolus of up to 10
ml/kg can be safely given, additionally SC fluids
can be given up to 40 ml/kg. For mild dehydration,
SC fluids are adequate. Lactated Ringer’s solution
(LRS) is a good cheice for maintaining continued
elecirolyte balance. Normal electrolyte values are

Na+ 144, K+ 4.0, Ci- 110, Ca*? 1.00, and Osmo

290. Supplemental potassium may be added if the
infant is hypokalemic. If IV or SC fluids are given,
the potassium may be safely supplemented up to 1
mEqg/kg/hr. If an infant is severely acidotic {pH less
than 7.2), bicarbonate should be added to IV fluids:
0.5-1 mEq/kg/hr is a safe rate of administration.

If an infant appears weak, hypothermia (normal
temperature is 98—100°F or 36.7-37.8°C) and hypo-
glycemia (glucose less than 80 mg/dl) should be
ruled out. A rectal temperature should be ohtained
for accuracy. A severely hypothermic infant (less
than 85°F or 29.4°C) can be most effectively
rewarmed using central core warming (warm IV, IP,
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or oral fluids). External rewarming (warm water
bottles, hair dryer. warming blankets) is sufficient
for moderately hypothermic infants {temperature at
85-95°F or 29.4-35°C}. Care must be taken not to
cause external bumns when using external rewarming
techniques. Blood glucose may easily be assessed
on & stat glucometer with only one drop of blood;
but assessing a response to placing a few drops of
50% dextrose on the oral mucous membranes is
quick and easy. Any infant with increased activity
afier oral glucose administration was likely hypo-
glycemic. Dextrose can be easily administered oral-
ly or in IV fluids, but is not recommended in subcu-
taneous fluids as it may temporarily osmoticaily
pull some fluid subcutaneously before being
absorbed into the tissues. Also, an animal that is
hypothermic may not appropriately absorb subcuta-
neous fluids.

Infants commonly develop skin rashes. Infant der-
matitis may have many etiologies: contact irritation.
viral {measles, parainfluenza), bacterial, or fungal.
The bacterial and yeast rashes are opportunistic
infections that are usually promoted by using rough
diapers or towels in the incubator. Abrasions sec-
ondary to rubbing on abrasive towels are not uncom-
mon. Use soft cotton diapers over the rougher towels
to protect the infant’s delicate skin from irritation. Do
not use any towels of diapers with holes or frayed
edges as infaats can twist the strands around their fin-
gers, toes, or tongues occluding blood supply and
necessitating amputation. Infants soil incubators very
quickly by urinating, defecating, and eating soft
foods such as fruit and scaked chow. Perianal scald-
ing and occasionally umbilical infections may
develop if the incubator and bedding are not kept
scrupulously clean. The best way to address these
conditions is preventive medicine: change the diaper
as often as necessary to keep the incubator clean and
dry. If dermatitis does develop, keep the affected area
clean by bathing the infant daily or every other day
with a mild shampoo, drying the infant well, and
optionally applying zinc oxide ointment.

REINTRODUCTION

For teintroducing a weanling to a stable group envi-
ronment, select an adult member of the family to
serve as a foster aurt or uncle. This adult should be
fairly high ranking in the family hierarchy, but not
critical for group stability. When the weanling is
about four to five months of age, remove the adult
member from the group and slowly allow him or her
to become bonded to the weanling. Begin by hous-

ing the two animals in separate cages where they
have visual and (actile access to each other, (Ideally,
this should be a pair cage with a slide divider.)
Begin by using a wire mesh divider or a clear
Plexiglas divider and observe their interactions for a
few days. If the adult is aggressive to the infant,
select another adult to serve as the foster. If the adult
is not aggressive to the infant, open the slide divider
enough to allow an adult arm through. If the animals
are interacting well and there is no adult-to-weanling
aggression, allow them into the same cage under very
close supervision. An escape rounte for the weanling
can be made by having the division between the two
cages be just large enough for the weanling, but not
large enough for the adult to fit through. It is advis-
able 10 separate the two when caretakers are not
available for supervision until the two are a com-
fortable pair. This may take up to a few weeks. Once
they are established as a pair, then begin reintroduc-
tion into the group. Again careful supervision is
important. The goal is that the adult will be bonded
well enough to the weanling to protect it, and also
be of high enough rank to keep the peace within the

group.
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NATURAL HISTORY

The great apes seen commonly in captivity include
the lowland gorilla (Gorilla gorilla gorilla), the
bonobo (Pan paniscus). the common chimpanzec
(Pan troglodytes). the orangutan (Pongo pygmaeus
abelii). and the siamang (Hylobates syndactylus).
Births in captivity may be any ume of the year.

PROTOCOL

There have been 47 lowland gorillas born at the
Cincinnatt Zoo since 1961 and the zoo staff has
hand raised over 30, using the protocel outlined
here. Lowland gorillas will be the focus of this
chapter, but the intormation pertains to the other
species as well. The protocol was established with
the assistance of Drs. Uma Kotagal and Paul
Perlstein at the Cincinnad Children’s Medical
Hospital.

Great ape infants are kept in strict quarantine and
are handled by only two nursery personnel in addi-
tion (o the veterinary staff and human pediatric doc-
tors. Surgical or dressing gowns are always worn
when handling a neonate. Shoes and hair should be
covered on anyone who has been anywhere in the
rest of the zoo. Ideally, staff working with these ani-
mals should have no exposure to the rest of the col-
lection, and the building where the infants are
housed should be a quarantine facility. Hands and
arms should be washed before and after handling
the neonate. Personnel who are ill should not be
allowed near the neonates. No additional staff
should be added 1o the animal care team until the
neonate is one month old. or older if the neonate is
not stable. When the neonate is no longer in critical
condition, night keepers may be allowed 1o admin-
1ster feedings.
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Bedding should be disinfected frequently with
liquid bleach. Liquid detergent is recommended
over powders because some neonates have had
allergic reactions to powdered detergent.

Vaccination protocols should be followed
according to recent research in human infants. The
following vaccinations should be given at different
intervals: hepautis, DPT (diphtheria-pertussis-
tetanus), polio, measles, and rabies. The apes
should be tested for tuberculosis annually. Mother-
raised infants should be vaccinated at opportune
times, taking into consideration the risk of the dis-
ease to the infant. The nursery keepers should be
tested for tuberculosis biznnually.

RECORD KEEPING

The importance of accurate record keeping cannot
be oversiated. Keep a daily log of body weight and
food intake. Monitor and record the frequency and
consistency of the feces. Use descriptive words like
pasty, seedy, loose, of watery, and note any unusu-
al smells to describe feces. Avoid ambiguous
descriptions such as “goed.” Monitor the tempera-
ture. puise, and respiration every¥ three hours
around the clock for the first two weeks. Once the
infant is stabilized. the body temperature should be
monitered twice a day for the next two weeks, then
once a day for the following month. Continue to
take monthly measurements such as crown diame-
ter and body Jength and record behavioral changes
as they develop.

EQUIPMENT

Human baby bottles made of glass are preferred. but
plastic is acceptable. Preemie or Evenfio nipples
(Evenfio) are recommended. Use the same type of
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nipples used for a human newbom. Steam-sterilize
the nipple, bottle, and formula as one complete unit
for 15 minutes. Do not handle the nipple once it has
been sterilized. It is crucial that bacterial exposure is
kept o a minimum, Sterilize all bottles and nipples
vsed during the first six weeks of life, and subse-
quently, use hot soapy waier to clean feeding imple-
ments. Heat the formula in the bottle in a pan of hot
water and check frequently to ensure it is not over-
heated. A microwave may be vsed but requires care-
ful attention. Hot pockets of formula may form that
could burn the infant’s mouth if the formula is not
mixed thoroughly after heating. The milk should be
tested on the inside of your wrist prior to feeding
and it should be warm, not hot to the touch.

Use the same scale every day when weighing the
neonate. A scale that is accurate 10 one-tenth of a
kilogram is adequate, but a greater accuracy of 0.0]
kg is preferred. Body temperature should be taken
with a rectal thermometer that has been disinfected
with alcohel before and after use.

CRITERIA FOR INTERVENTION

There are several reasons intervention may be nec-
essary. Removing a neonate from its mother at any
time durng its first year is a difficult decision.
Reasons to intervene may be obvious within the first
few days afier birth, or the neonate could be as
much as six months old before intervention is
deemed necessary, Careful ohservation by the care-
givers is crucial.

A 24-hour watch is recommended before and
after the birth. This is especially important for first-
time mothers. Observers should look for proper
positioning for nursing, which we call “ventral ver-
tical” (infant’s chest to mother's chest with the
infant’s head up}. Length of nursing sessions should
be noted. Two to three minutes ina 1- to | 1/2-hour
period is normal. Too much nursing may indicate a
prablern, The infant may appear to be nursing for
excessively long periods if there is an inadequate
supply of milk, The female may be simply not pro-
ducing enough milk, or she may be self-expressing
milk from her mammary glands, or another gorilla
could be nursing from her, which could be either an
adult or an infant. Females may develop mastitis,
which should be considered if one breast becomes
considerably larger than the other Whatever the
cause, the infant needs to be supplemented or pulled
from the mother and hand reared if it is not getting
enough nounshment.

Obvious maternal neglect, such as holding the
infant improperly, abusive behavior, and lack of
nursing, or lack of “rooting” for the nipple by the
tnfant in atternpts to nurse are also reasons to inter-
vene. One sign the neonate is not doing weli is a
limp body. Newborn infants are not able to hold
their heads up very well initially, but the muscles in
their necks will strengthen daily. It is important to
observe this process each day and be able to com-
pare the progress from birth to the present, It is sig-
nificant if the infant’s neck appears 10 weaken over
time. Other significant signs are a “ghostly gray”
color to the face, dull glassy eyes, sunken chest, and
inability to grasp the hair of the mother.

Gorillas develop “suck knobs,” which are knobs
of tissue that resemble a small round drawer knob,
on their cheeks five 10 ten days after birth, It is
abnormal if these do not develop or develop and dis-
appear in the first few months after birth. The knobs
will disappear on their own once the infant starts (o
eat solids. It is unknown exactly what function the
knobs serve. but in our experience, failure for them
to develop or premature disappearance of these
“knobs” has always indicated z problem. It is
important to remember that once the infant starts to
show signs of trouble, there is little time to inter-
vene; it may be only 2448 hours before it is too late
to be able to help the infant.

When a neonate is removed from its mother,
blood and stool samples should be collected to
screen for various diseases. If the infant has diar-
rhea, the problem needs to be dealt with as soon as
possible. If an infant with diarthea is being mother-
raised, it will most likely need to be pulled from its
mother, as its health may rapidly decline. This
will be a challenge if the infant is a six-month-old
mother-raised ape. as it will be frightened and wiil
not trust you. It takes a great deal of patience to
build a bond with the infant. We have found that if
we need to remove an older infant from its mother,
it will struggle and try to bite even if it is severely
debilitated. Sitting and rocking the infant with it
wrapped tightly in a towel may help to calm it, and
will keep it from struggling. Keep the infant's face
well away from your body as it can and will bite you
if the opportunity arises. After holding the infants,
we then place them in & wire dog kenmel or open
floor cage so they can be close 1o us and watch us
throughout the day. Within a few days, sometimes
longer, they will be calmer and more accepting
of us.
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ASSESSMENT OF THE NEONATE

When the infant first arrives in the nursery, a com-
plete physical examination should be performed.
This examination should include drawing blood for
a complete blood cell count, serum chemistries,
electrolytes, blood culture, and blood glucose levels
using & Dextrostick. A stool culture should be sub-
miited for culwre for Salmonella, Shigella, and
Campylobacter. The infant’s mouth should be
checked and the palate should be examined for evi-
dence of abnormalities. Auscultate the thorax and
evaluate the heart and lungs. Record the heart rate
and listen for murmurs. Record the respiratory rate.
Paipate the abdomen and the genitals and evaluate
for abnormalities. Palpate the fontanel, or soft spot,
on the skull and evaluate for abnormalities. Weigh
the infant and take measurements of the head cir-
cumference, chest circumference, lengths of heel to
crown and crown to rump, Record the rectal tem-
perature. Treat the umbilical cord with dilute
Betadine or Nolvasan solution and treat again every
three hours until it dries up and falls off. The umbili-
cus usually falls off at five to ten days of age.
Vitamin K may also be administered during the
examination. Depending on the condition of the
infant, antibiotic therapy may be indicated.
Establishing a relationship with pediatric physicians
in your area who are willing to help with an ape
infant may be very beneficial. They often will make
emergency equipment available that could be useful
on infant primates. Their expertise, especially if you
are unfamiliar with primates, could be invaluable.

INITIAL CARE

An incubator or human isolette is used to warm the
baby initially (see Fig. 18.3). Set the incubator tem-
perature to 85°F (30°C). Rubbing the extremities
helps to increase circulation and raise the body tem-
perature. Use cotton blankets to cover the neonate
rather than placing clothing on the baby. This enables
the infant to self-regulate its temperature by easily
removing the blanket. Materials other than cotton
may cause the infant to overheat, The only time cloth-
ing is placed on ape infants at our instifution is if
there is a problem with the infant maintaining body
temperature, such as with a premature infant.

FORMULA AND SUPPLEMENTS

Pediatric specialists have recommended the use of
human formula substitutes to vaise great apes. At

Cincinnati Zoo and Botanical Gardens, Enfamil
with Iron (Mead Johnson) has been used success-
fully as a base formula. Starting at one month of
age, neonates may be supplemented with a baby
meltivitamin, Poly Vi Sol (Mead lohnson) at 1.0 mi
once a day.

Monitor the serum calcium in infants regularly, at
least once every two weeks. We found it necessary
1o supplement one infant with 100 mg/kg per day
calcium gluconate 10% (Calciquid, Econolab), and
do UV phototherapy 20 minutes per day in a spe-
cialized booth with UV lights.

Infants with lactose intolerance have been given
soy-based Isomil (Ross Products) with calcium sup-
plements, Mead Johnson Company has a pediatric
product handbook available, which is an excellent
resource for evaluating formulas. especially if you
are having problems with your neonate.

NURSING TECHNIQUES

The neonates should be handled like human infanis
by supporting the back of the head whenever they
are picked up. When feeding, let them rest in the
cradle of your arm at about a 45-degree angle. Place
the nipple gently into the infant’s mouth. Never
force the nipple. Rubbing its chin will stimulate it to
take the nipple if it doesn't accept it initially. It will
probably have several short suckling spurts of a few
seconds each during each feeding for the first week.
It is important to allow the infant to have rest peri-
ods of a few minutes between the suckling attempts
until it develop a strong suckling reflex (Fig, 18.1),

FREQUENCY OF FEEDING AND WEANING

The larger great apes (1.5 kg or larger) may be start-
ed on 60 ml every three hours (eight times per day)
around the clock. At two weeks of age feed 70-90 ml
every three hours from B A.M. to 2 AM, (seven times
per day). These infants are fed on a “semidemand”
basis, whereby they are given the formuta 30 minutes
before a scheduled feed if they are awake and hungry;
ar if sleeping the feed time will be extended as much
as 30 minutes after the scheduled feed time before
waking the infant 1o feed it. They seem 1o eat better if
they wake up on their own before the feed, Once on
a schedule, the infanis will usvally wake up prior to
each feeding. The increases in formula amounts
offered depend on the demand of the infant.
Between four and five weeks increase the feed
amount to 120 ml and feed every four hours (six
times per day). At two months of age eliminate the
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Figure 18.1. Holding infant
while bottle-feeding (photo by
Steve Castillo, courtesy of Six
Flags Marine World).

night feeds after midnight and feed 150 ml per
feed, five times per day from 9 A.M. to 11 PM. At
three months feed 180 ml five times per day. At
four months feed 240 ml four times per day (three
day feeds and one night feed). Between five and
six months, feeds are increased 1o 360 ml and only
offered twice each day. Between six and nine
months, graduvally replace the formula with
homogenized whole cow’s milk. The switch
should take five to seven days as long as no prob-
lems are encountered. Start by adding 25% vol-
uvme of homogenized milk to the regular formula,
then increase the petceniage daily until the infant
is nursing 100% homogenized milk. We begin
using a cup instead of the bottle at this point. It is
typically difficult to convert the infant from nurs-
ing from a bottle to drinking from a cup. It will
take time and patience 1o make the final wransition
10 having the infant accept drinking from a cup.
When the infant reaches 90 days of age, we begin
to introduce solids. As the solid-food intake increas-
€s, the formula intake is decreased. The items offered
first are celery sticks, raw carrot strips, apple slices.
and green beans. Food that is easy for them to hold
and easily put into their mouths is best. Once they
begin to eat these items, we hand feed soft or cooked
food. Cooked carrots or sweet potatoes, and bananas
are fed by hand at this time. The midday milk feed-
ing is discontinued as the infant consumes more
solids. By now the infant will start to pick out favorite
foods. Offering vegetables during the day and the

favorite fruit at night works well. Gradually, the
remaining items in the adult diet are added as the
infant’s eating skills improve. Between ten months
and one year the maximum amount of milk offered to
large grear apes such as gorillas and chimpanzees is
360 ml two times a day. Primate biscuits are added to
the diet at this time, the vitamin drops are eliminated,
and any brand of quality chewable children’s multi-
ple vitamins are introduced.

Smaller animals such as siamangs should follow a
sitilar feeding regimen except at a lower volume,
Siamangs larger than 600 grams are fed 30 mi six
times per day between 7 a.M. and 10 M. If smalfer
than 600 grams, they are given 15-20 ml every three
hours around the clock. At one month of age offer up
10 45 ml five times per day. Continue 1o increase the
feed amounts until the infants are eating 70 ml! per
feed five times per day. The smaller species are fed
five times per day until about four months of age,
when they begin to pick up and eat solid foods. The
feeds remain at 70 ml but are decreased to four times
per day. At five months of age the feeds are increased
to 100 ml but only offered three times each day. At
six months of age the formula is gradually replaced
with homogenized milk and offered at 120 ml twice
each day. They are given this amount of milk in addi-
tion to solid food for one year,

The appetite of the neonate determines the
amounts that are given. Increases are made if they
are eating everything and appear to want more.
Avoid making sudden changes in their diet.
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Figure 18.2. Lowland gorilla
growth curve.

EXPECTED WEIGHT GAIN

Figure 18.2 shows the growth over a year's time for
five lowland gorillas.

HOUSING

Keep neonates in an incubator at 85°F (30°C} until
the neonale can maintain a rectal temperature of
98°F (36-37°C) (see Fig. 18.3}. At that tuime
decrease the temperature in the isolette or incubator
by 2°F per day until the isoletie reaches room tem-
perature of 75~78°F (24-26°C). The infant must be
able to maintain its body temperature at each
change and maintain its body temperature outside of
the isolette. This process is usually done between 7
and 14 days of age. When this is accomplished and
the infant can maintain its body temperature, move
ittoa 2 X 341 (0.6 X 1-m) Formica box with a win-
dow viewing area. This enclosure needs to be kept
warm, and not drop below room temperature of
78°F {26°C). It is important to ensure there are no
drafts around the infant. Blankets are used so the
infants are able to crawl out and away from them.
The use of diapers is recominended to keep them
clean until they are able to crawl away from feces.
Pampers brand work well as they are small enough
for a snug fit. One tip for urine collection is to put
the disposable diapers on inside-out.

As the infant becomes more mobile, move it into
a larger holding area. Remember that even though
apes are similar to human infants, their strength will
develop at a faster rate, so the housing for them
must be very sturdy.

Use brightly colored children's toys to aid in
stimulation. Trapezelike items allow the infants to
grasp and pull themselves up, and are very useful to
aid in developing muscle tone. Holding the infants
and spending quality time with them is very impor-
tant for their mental development.

COMMON MEDICAL PROBLEMS

Sepsis in newborns has been reported. Common
bacterial diseases seen include infections with
Streptococcus B, Campylobacter spp., Salmonella
spp. and Shigeilu spp. The clinical signs are usual-
ly diarrhea and/or lack of appetite. These diseases
may cccur in newbaorns but also later in life during
stressful times such as when the animal is being
weaned.

Diarrhea is fairly common. Formula or clear flu-
ids may be offered during periods of diarrhea if the
neonate will drink them. Oral electrolytes are the
preferred treatmenl. Some of the ilems great ape
infants will drink include Kool-aid or flavored elec-
trolytes such as Pedialyte (Ross). Pay close atten-
tion 10 the infant’s hydration status. If the condition
persists arxd the infant refuses to drink formula or
fluids, medical attention will be required. Diarrhea
needs to be weated as soon as it is noticed. The
neonate may become dehydrated in 2448 hours if
it does not receive I'V fluids or oral electrolyies,
Blood gasses and electrolytes should be monitored
when the diarrhea is severe or persistent. Pediatric
specialists are very helpfu! in assistance with treat-
ment plans for neonates with diarrhea,
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Figure 18.3. Infant chimpanzee
in lsolette {pheto courtesy of Six
Flags Marine World).

Malncurishment is another common problem,
The infant may be nursing but not getting enough
calories. Poor body condition, reduced muscle tone,
and listlessness are typical clinical signs. This can
happen at any time during infancy. Tube feeding
will be necessary if there is no nursing response.

Lactose intolerance, while not common, has been
seen at our facility in several infants from the same
mother. Diarrhea occurs in infants with this condi-
tion within 24 hours of receiving a cow's-milk-
based fortnula. There are no other clinical signs; the
body temperature and appetite may be normal. We
rest the gastrointestinal tract for 24 hours by feeding
only electrolyte solutions, such as Pedialyte, Then
the neonate is started on a soy-based formula like
Isomil (Ross). It is important to include a daily cal-
cium supplement to avoid a bone density problem.
Routinely submitting blood for serum chemistries to
monitor calcium levels is imporiant,

Scrotal and umbilical hernias are not common but
do occur. They are usually surgically repaired
between six and nine months of age unless there is a
complication requiring emergency surgery.

An unusual condition occurred at our facility
when an infant stopped breathing while nursing. If
this problem occurs, it is important to temain calm.
All infant caretakers should be trained in cardio pul-
monary resuscitation (CPR} for infants. We have
found no medical reason for this condition.

REINTRODUCTION

It is crucial that primates have other primates to interact
with when growing up (Fig. 184}, Other primates that

are not related, such as lemurs, may be raised with goril-
las or other great apes as long as they are carefully
observed, and there is no aggression between them.
Great apes may be allowed to interact with nonprimates
while in the nursery being carefully supervised (see Fig.
18.5). Such contact with other animals is helpful in
developing the groundwork for reintroduction.
Reintroduction of hand-raised great apes into a display
or family group is a complex task that requires much
research before being atternpted. It is beyond the scope
of this chapter to go into the details, but I recommend
the reader contact zoos where these animals have been
raised and successfully reintroduced 1o gather important
tips and information from experienced, qualified staff.

COMMENTS

¥ cannot emphasize enough how important it is to
contact facilities where great apes have been raised,
and to consult with pediatric physicians for advice.
We have learned a great deal from our mistakes, but
there would have been more losses if it were not for
the doctors who have assisted us. Good communi-
cation among local pediatric medical facilities, the
veterinary staff, and the caregivers is of utmost
importance in successfully raising great apes. In
addition, critical observation by the daily caregivers
while the neonates are with their mothers is essen-
tial to monitoring their condition, and often facili-
tates making the decision of when to intervene.
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Figure 18.4. Author with infant
gorillas.

Figure 18.5. Chimpanzee and
tiger cub (photo by Steve
Castillo, courtesy of Six Flags
Marine World).
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Harbor Seals and Northern
Elephant Seals

Rebecca Duerr

NATURAL HISTORY

The average birth weight for harbor seals {Phoca
vitulina) is 8 kg (17.6 Ib). Pupping season for har-
bor seals is February through July off the west coast
of the United States, May through June in the west-
emn Atlantic, and June through July in the eastern
Atlantic. Pups are usually born later in higher lati-
tudes. Harbor seals are usually weaned between
four and six weeks of age.

Northern elephant seal (Mirounga angustirostris)
pups have an average hirth weight of 35 kg (77 1.
Pups are born with a black pelage between January
and March. The black coat is shed and replaced with
a tawny-to-gray colored coat when they are weaned
at approximately four weeks of age.

RECORD KEEPING

Keep a daily log of food intake, fecal production
and consistency, and behavioral notes including atti-
tude and appetite, in addition to a complete medical
record. Pups should be weighed at least twice a
week,

EQUIPMENT

You will need a blender, a food processor or meat
grinder (if using fish-based formula), a microwave
or other method of heating the formula, suitable
stomach tubes, and severat large syringes. The 400-
cc syringes work well for either species, and are
available from Jorgensen Laboratories. The 140-cc
Monoject catheter tip syringes from Sherwood
Medical also get the job done, but require changing
syringes midfeeding. For harbor seals, 0.5-in (1.3-
cm) diameter (OD) viny! tubing (Ryan Herco) may
be used. For elephant seals, use the larger 0.75-in
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{1.9-cm) diameter tubing. Plastic tubing is not rec-
ommended because it gets very hard after repeated
boiling and can irritate the esophagus. Large canine
stomach tubes may also be used (Ryan Herco).
Feeding tubes should be cleaned and sterilized by
boiling before each use. Cut tube ends must have the
sharp edges removed by grinding and/or burning.

An alternative to using large syringes is to attach
a soft rubber “milker” tubing section to the end of
the stomach tube and place a large funnel at the
other end of the milker. The formula is then manu-
ally milked into the animal, rather than injected via
syringe.

CRITERIA FOR INTERVENTION

Wild pops require hand rearing for a nnmber of rea-
sons, including premature separation of mother-pup
pairs {e.g., after storm conditions at rookeries),
maternal abandonment, sickness or injuries, and
human interference. Variations in the natural histo-
ries of different phocid species may influence when
a pup needs to be rescued.

Northern elephant seal females usually nurse
their pups only at the birth rookery; therefore, a pup
that is washed away from its natal beach is on its
own, with a vanishingly small chance of being
reunited with its mother. If the pup nursed long
enough to acquire a significant blubber layer before
being separated fromn its mother, il may survive pre-
maiure weaning on its owin. Therefore, it may only
require monitoring or relocation. Elephant seals are
born with a black, curly coat that is shed during
their one-month nursing period (see Fig, 19.1). If a
pup has this coat or an umbilical cord and is not on
a rookery beach, it probably needs to be rescued to
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Figure 19.1. The black curly
coat of a neonatal northern eie-
phant seal (photo by Frances
Gulland, courtesy of The Marine
Mammal Center).

survive. The decision of whether or not to intervene
is best made by a judgment of body condition. If the
animal appears thin (ribs and hips obvious), dehy-
drated (sunken eyes with thick ocular discharge), or
otherwise debilitated (injured, unresponsive, pale
mucous membranes), intervention is indicated.

Harbor seal] females, however, can travel with
their pups, and leave them on the beach while they
forage. All solitary, uninjured pups should be given
the opportunity to be reclaimed by their mothers. At
The Marine Mammal Center (Sausalito, California),
we institute a 24-hour watch on any apparently
healthy pups and keep the public away. We have fre-
quently facilitated the reunion of separated pairs.
Well-meaning people may scare a harbor seal moth-
er off before they even see her and then mistakenly
assume the pup is abandoned. A pup that is still
alone after the watch period should be rescued.
Harbor seals are occasionally born with a lanugo
coat of fine white fur that is usuaily shed in utero,
but it is unclear whether this can be used as an indi-
cator of premature birth.

INITIAL CARE

Upon admission, each pup should have a physical
examination, be weighed, and have blood drawn for
a complete blood count and serum chemistry analy-
sis. All pups should be assumed to be significantly
debydrated. Rehydration fluids are all a new pup
should be given for at least the first 12 hours, longer
in some cases, with a transition to full-strength for-
mula occuiring slowly over the first 36 o 72 hours.
Vomiting and gut impactions may occur if formula

is administered before adequate rehydration has
occurred. Sand impactions are sometimes seen
(caused by the pup nursing on sand before rescue).
If a large amount of sand is noted in the mouth or
feces, the veterinarian should be notified. A new
pup’s umbilicus should be cieaned with ditute
Betadine and inspected for signs of infection.

Most phocid pups will seek out and use heat
sources when available. Hypothermia often affects
thin, debilitated animals, Pups that are ambulatory
may have access to a wet/dry heating pad (Osbome
Industries) (see Fig. 19.2}, but they musi have access
to unheated substrate as well. Pups that are unable to
move easily off the hot pad, or new pups of uncer-
tain or unsiable conditions, should not have access
io hot pads. With these pups it is best to mount a hot
pad on a wall in the vicinity of the pup, to provide
radiant warmth. Care must be taken to not overheat
pups. as brain damage and death can occur.

FORMULAS AND SUPPLEMENTS

Milk-replacement formulas for phocid seal pups
should be similar to mother’s mitk and have a high
fat content (40—60%), moderate amounts of protein
{5-13%), and a very low percentage of carbohy-
drates. Commercially prepared powder such as
MultiMitk or Zoologic 30/55 (PetAg) have been
successfully used as formula ingredients for harbor
seals and newborn northern elephant seals. Harbor
seals may be expected to gain 0.12-0.3 kg/day on
the necnatal phocid formula below. Raising harbor
seal pups on blended fish without significant added
fat may result in the pups gaining weight as slowly
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Figure 19.2. Harbor seal pup
utilizing a wet/dry heating pad
(photo by Frances Gulland,
courtesy of The Marine
Mammal Canter).

as 0.05 kg/day (Wilson, Johmston, and Corpe 1999).
Elephant seals may be expected to gain 0.4-0.6
kg/day, when fed the neonate formula given below,
Individual animals® responses to milk-replacement
formulas may vary.

Formula should be warm but never hot or cold, and
must be thoroughly mixed after heating in the
microwave (0 ensure there are no hot spots.
Overheating the formula in the microwave may cause
the consistency to change and may result in digestive
problems. Formula in excess of what is needed
should be kept properly refrigerated until the next
feed and should be discarded after 24 hours.

Supplements

Harber seal pups should be supplemented daily with
1 g salt (if kept in fresh water), plus 400 [U vitamin
E (one gelcap or liquid drops}, and one multivitamin
such as the Vita-Zu Marine Mammal tablets
{Mazuri}. Elephant seal pups should be supplement-
ed daily with 2 g salt (if kept in fresh water), plus
400 IU vitamin E, and two marine mammal multi-
vitamins. Supplements may be broken up in a mor-
tar and added to formula, or when the animal is
weaned, the supplemcents may be inserted into fish,

The following formulas have worked well for us:

Necnate Phoctd Formula (NPF)

450 ml water (filtered or boiled, preferably)

450 ml Milk Matrix 30/55 powder (approximately
202 ¢)

350 ml sardine, salmon, or other fish oil

Blend by hand with a wire whisk or spoon to avoid
the additicn of large amounts of air into the formula.
Excessive air introduction may cawse consistency
changes that may encourage the addition of too much
water. Formula is easily mixed in small batches. One
batch yields approximately 900 ml, is 44.5% fat and
6.4% protein, and provides 4.6 kcal/ml.

Elephanmt Seal Weaning Formula (ESF)

0.34 kg (0.75 1b} whole ground fish (e.g., herring}

225 m| water

5 ml fish oil

250 m] whipping cream (treated with lactase at
0.75 ml per half gallon)

Grind the fish in a meat grinder or food processor
and add to the other ingredients, except whipping
cream, in a blender. Blend until smooth, and pour
blender contents into large container. Add whipping
cream with a wire whisk (do not put whipping
cream in the blender). This diet is intended for
weaned pups that are making the transition to whole
fish. Newborn northern elephant seal pups ("black-
coats”) should be fed the neonate phocid formula
for the first month of life. One batch makes 825 ml
and supplies approximately 19% fat, 6.5% protein,
and 2 kcal/ml (values will vary depending on
species of fish ysed and time of year).

Blended Fish Mash

0.45 kg (1.0 Ib) whole ground fish (e.g. herring}
450 m] water
5 ml fish oil
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Figure 19.3. Two typi-
cal weight-gain patterns
for each species.
Harbor seal Fergus
required twice as long
as Celeste to reach 20
kg. Blackcoat elephant
seal Zuni was admitted
at a much heavier
weight than Arapaho
and did not experience
the weaning precess
weight loss illustrated

here by Arapaho.

Grind the fish in a meat grinder or food processor,
add to the other ingredients in a blender, and blend
until senooth-

EXPECTED WEIGHT GAIN

The expected growth chart for two blackcoat ele-
phant seals and two harbor seals raised on neonatal
phocid formula is shown in Figure 19.3,

TUBE FEEDING

Due 1o the short duration of nursing in phocid pups,
bottle-feeding is not recommended for pups raised for
wild-release. Tube feeding is quick and easy, and pro-
vides rninimal contact with the animal. One person is
sometimes able 1o simultaneously tube and restrain a
pup. but this may be difficult. Two-person teams where
one person restrains the animal and the other performs
the tubing tend to be more efficient (see Figs. 19.4a, b,
and ¢). Bottle-feeding is labor-intensive, and as such,
may be impractical when large numbers of pups
require feeding, however, it may be useful for raising
permanently captive animals,

Restraint involves straddling the animal with the
front flippers tucked inside the restrainer’s knees,
and the necessary amount of movement restriction
applied wia the restrainer’s hands at the base of the
skull. Covering the pup's head with a towel may
decrease the incidence of bitten restrainers. With
harbor seals, it is helpful for the restrainer to place
the thumbs at the back of the skull and the fingers at
the posterior curvature of the lower jaw. It is best to
use as little force as necessary to accomplish the

feeding, so as to inflict 2 minimum of stress on the
animal. Be careful not to apply too much body
weight force to the pup. Be gentle and try to avoid
having tubing time become a stressful event for all
involved. Before many teeth have erupted, the jaw
may be opened on uncooperative harbor seal pups
by inserting a finger at the very back of the mouth,
between the jaws. This can be more challenging
once the pup has a full set of teeth. Some animals
will take their tubing with little or even no restraint,
where the restrainer need only apply guidance
against head shaking,

When the animal is restrained, the person tubing
then inserts the tube down to the length of the pos-
terior end of the sternum (about two-thirds the
length of the body; see Fig. 19.5). Phocid pups very
rarely allow the tube to pass down the trachea, and
often vocalize during tubing, which assures the han-
dlers that the tube is in the esophagus. Listening for
stomach sounds through the tube may also be help-
ful in verifying tube placement. If i1 is still unclear
whether the tube is placed correctly, a small puff of
air into the tube may elicit stomach sounds. Formula
should be inserted at a slow pace to discourage
regurgitation, which may also occur if the tube does
not reach the stomach and the formula is placed in
the esophagus. The person tubing should crimp the
tube when removing it from the esophagus 1o addi-
ticnally discourage regurgitation (see Fig. 19.6).
Elephant seals sometimes like to roll over and get
the tubing while lying on their backs; tubing may
continue without problems when this happens.
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Figure 19.4. (a) inserting the
stomach tube in a harbar seal
pup; (b) listening for stomach
sounds; (c) delivering the for-
mula slowly. (Photas by Bob
Wilson, The Marine Mammal
Center).
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Figure 19.5. Measuring the
stomach tube (photo courtesy
of The Marine Mammal Canter).

Figure 19.6. After feeding the ani-
mal, crimp the tube as you pull it cut
{photo by Bob Wilson, The Marine
Mammal Center).

FREQUENCY OF FEEDING

During the first 24 hours, pups should be given 100
mbl/kg lactated Ringer’s solution (LRS) by a combi-
nation of oral and subcutaneous administration.
Subcutaneous fluids are best administered beneath
the skin between the scapulae. Over the first 36
hours. pups should be slowly introduced te full-
strength formula by raising the relative propertion
of NPF over eight or more feedings. Harbor seal
pups less than 6 kg may be started on an oral vol-
ume of 150 ml, pups 6~7 kg on 170 ml, pups 7.5-8
kg on 190 ml, and pups over 8.5 kg on 220 m] tub-
ings at four-hour intervals. Elephant seal pups less

than 30 kg may be started on an oral volume of 300
ml, and pups over 30 kg may be started on 500 ml,
also with a feeding interval of four hours. It is
acceptable to feed the pups at midnight, then not
again until 8 aMm. (ie., 0800, 1200, 1600, 2000,
2400). Quantities of feeds may be increased by 20
ml/day for harbor seals and 50 mi/day for elephant
seals, as the pup’s ability to digest the formula is
demonstrated (no vomiting), up to 4 maximum of
380 mil/feed for harbor seals and 750 ml/feed for
elephant seals. If there are signs of indigestion or
other problems at any stage. the case should be
referred to the veterinarian,
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Once an elephant seal pup has shed its blackcoat,
it should be gradually switched to ESF, over a peri-
od of a day or more. Any elephant seal pup that has
not reached 50 kg should be kept on the high-fat
NPF formula a while longer on a case-by-case hasis.
Some blackcoat pups may arrive at weights well
over 50 kg, but should still be fed NPF until they
shed their coat.

HOUSING
Harbor Seals

In many areas of the world. harbor seal pups can
suffer large mortality rates from viral infections
such as morbillivirus (Duignan et al. 1995) or har-
bor seal herpesvirus (Borst et al. 1986; Gulland et
al, 1997a) or other contagious diseases. Due to this,
it is recommended that rehabilitation centers quar-
antine all incoming harbor seals. Procedures should
be followed to prevent the caretakers from becom-
ing vectors between pups. or 10 a facility's main col-
lection, and should utilize separate clothing for each
pup, such as disposable gowns and gloves, Pups
should not be placed with conspecifics until such
time as the pups are determined to be free of infec-
tious disease. as determined by laboratory tests.
Handling should be kept to a minimum to reduce
stress, as stress may play an important role in
immune function. Towels, stuffed animals, and
other comfort items are not recommended due to
hygiene issues and the accompanying risks of
umbilical infections. The umbilicus should be

cleaned with dilute Betadine at every feeding, until
it is fully healed.

Large, indoor steel cages with internal, plastic-
coated grates for the pups to rest upon are ideal for
newly admitted pups that are receiving fluids, oxy-
gen, or other medical care. The grates allow urine
and feces to drop through, thereby decreasing cont-
amination of the umbilicus. Clear Plexiglas door
covers with gas ports may then be hooked onto the
cage door to facilitate oxygen administration when
necessary.

Pups should be housed outdoors as soon as they
are in stable condition, and pups that are not forced
to swim may experience less stress. If possible. pups
should have unlimited access to shatlow (4 in or 10
cm) water during the day, with a haul-out area offer-
ing heated and unheated substrate (see Fig. 19.7).
Very young or emaciated pups should be monitored
for hypothermia or other problems while swim-
ming.

Once pups have been determined to be ready for
conspecific companionship, they may be moved
into larger pens. Ground-level pools are easiest for
the animals to get into and out of, although most
pups will adapt to the use of ramps. Ramped pools
must have a step or ramp on the inside of the pool in
order for the pup to get out of the water. Ideally,
pools should be at least 3 ft (1 m) deep so that the
pups can bob vertically. Wet/dry heating pads and
doorless plastic pet kennels may be used in outdoor
pens to previde on-demand shelter or warmth, espe-
cially at night. Pups must have adequate access to

Figure 19,7. Harbor seal on
shallow shelf of pool (photo by
Frances Gulland, The Marine
Mammal Center).
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haul-out areas in the pen. Pools need to have filtra-
tion systems sufficient to maintain high water qual-
ity standards, or eye and ear infections may be a
problemn. Harbor seal pups are ready to wean when
their teeth have significantly erupted.

Elephant Seals

Elephant seal pups should be kept in large outdoor
pens, with wet/dry heating pads available. In the
wild, blackcoats do not swim during their one-
month nursing period. Therefore, there is no need to
force the pups to swim before they shed their natal
pelage. Pools for young elephant seals should be at
least 8 ft (2.3 m) in diameter and 4 ft (1.2 m) deep.
Older pups approaching release should have pools
12-15 ft (3.6-4.6 m) in diameter and 4 ft (1.2 m)
deep. Pens should be of sufficient size to accommo-
date the pools, plus have ample space for the ani-
mals to rest out of the water. Pens should have sur-
faces that can be easily disinfected, and shouid be
cleaned daily and disinfected frequently, particular-
1y when animals change pens,

When pups have been weaned and are fully self-
feeding, it is recommended that they have as large a
pool as is available, and that human contact be kept
to a minimum if the pups are to be released into the
wild.

TIME TO WEANING

Elephant seal weaners (pups that have teeth and
have already shed their blackcoats) should also be
given 100 ml/kg LRS over the first 24 hours, by a
combination of oral and subcutaneous routes. Pups
less than 30 kg may be started on an oral volume of
300 ml, pups 30-35 kg on 500 ml, and pups over 35
kg on 750 ml at four-hour intervals, Elephant seal
weaners frequently have problems with vomiting.
This may be alleviated by introducing pups to
blended fish mash first, then to ESF over the first 12
feedings, phasing in each change slowly, By the end
of the third day, the pups are on full-strength ESF,
and quantities may be increased by 50 ml/day up to
a maximum of 750 ml/feed. If there are signs of
indigestion or other problems at any stage, the case
should be referred to the veterinarian.

Pups ready to begin weaning have shed their
blackcoats and have well-erupted teeth. Once the
animal reaches 50 kg, the tubings should decrease in
frequency 10 encourage hunger and interest in fish.
Discontinuing the 4 PM. twbing so that the pup can
be offered fish, or “fishschooled,” instead, stimu-
lates hunger during the middle of the afternoon.

TIPS FOR WEANING FROM FORMULA TO
SOLID FOOD

First, offer fish or fish pieces to the pup in the water
and do not give up immediately if the pup seems
disinterested. Offer a fish piece under water and
another above water. Tie a string with a loose knot
on the tail and pull it across the pool in front of pup
to imitate a live fish. Injecting air into the fish so it
floats also may be helpful. You can try tossing a fish
in the pool and leave it there to see if the pup will
investigate it on its own. Sometimes, a ripped piece
with some of the guts hanging out will be more
interesting to a pup than a cut piece. Live fish, if
available, are a very natural stimulant that often
works; we have used anchovies or sardines to good
effect. The fishschooling process takes patience, but
is well worth the effort.

Often elephant seal pups are not comfortable in
deep pools when they are first learning to eat.
Shallow plastic pools simulate the tide pools a pup
would play in on a beach. Sturdily built children’s
pools have been used with great success, These
should be low enough that the pups are able to eas-
ily see over the edge and climb in, and large enough
for the pup to comfortably crawl around in. After
their agility has improved, pups may be placed in
deeper pools for fishschool,

It elephant seal pups have reached 60 kg or har-
bor seals pups have reached 20 kg, and have not
responded 1o fishschool, they may be fasted unil
they are eating. Strict monitoring of the pup should
be maintained for hydration and body condition,
and the pup should not be allowed to lose over 10%
of its body weight.

When a pup takes a fish from your hand, make
the pup chase after the next fish and before it grabs
it, let go. If the pups are eating fish under water, it is
time to push them to free feeding. Throw fish into
the water and move away from the pool. If you are
visible, many pups will play helpless since they
know they can get you to feed them by hand.
Instead, watch from a distance where the pups are
not aware of your presence. Leave the pups alone
for at least 1520 minutes before giving up on their
ability to eat on their own. Once a pup is eating on
its own, the amount of fish fed may be raised by 1/8
kg per feed up o 10% of body weight, divided up
into two or three meals per day. Be sure to monitor
individual weights at this stage to verify that each
pup is eating his share.

Elephant seal pups often lose weight during the
weaning process if they do not learn to eat solid
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food quickly, but this is not necessarily of major
concem. In the wild, weaned northern elephant
seals assaciate in groups on their natal beaches and
do not eat for a month or more. They slowly learn 10
catch shallow-water fish and invertebrates while
depending on the body reserves laid down during
the lactation period. It is difficult to mimic this nat-
ural history in a rehabilitation setting. The proce-
dures set forth here, however, have resulted in a
high success rate for wild-released pups.

COMMON MEDICAL PROBLEMS

Table 19.1 shows common medical problems and
describes treatment options for handling conditions
such as hypoglycemia, dehydration, hypo and

hyperthermia, abscesses, and parasites. Several
commonly seen diseases will be briefly described
here. For a more thorough discussion of the diseases
of pinnipeds. see Dierauf and Gulland (2001).

Viral infections affect harbor seal pups, especial-
ly those that strand in poor notritional condition.
Clinical signs of phocine herpesvirus (PhHV-1)
include severe electrolyte and blood glucose abnor-
malities (Gulland et al. 1997a). In addition, PhHV-1
has been reported to cause pneumonia in harbor seal
pups undergoing rehabilitation (Borst et al. 1986).
Pneurnonia may also be caused by other viruses,
such as influenza, phocine distemper virus, and
canine distemper virus, Affected pups should be
treated with supportive care and quarantined.

Table 19.1. Common Medical Problems in Phocid Pups

Problem Clinical signs Treatment

Dehydration Dry, sunken or mucousy eyes, dark Rehydrate with 100 ml/kg LRS via
urine, dry mucous membranes, curly oral and subcutaneous routes
vibrissae

Hypothermia Lethargy, shivering, pale mucous Provide heating pad or warm-water
membranes, cold flippers bottles, administer warm fluids

Hypetthermia Lethargy, open mouth breathing, dry Wet animal, administer fluids, place

mucous membranes, hot flippers

ice near but not on animal

ometimes held away from body

Hypoglycemia
sive,

Lethargy, pale mucous membranes,

If a pup is “shaky" but still respon-

Umbilical abscesses

Bite wounds/ other
injuries, such as fishery
interactions, gunshot,
boat strikes

Parasites

dull or nonresponsive, vibrissae
sometimes held forward, may present
as seizure activity or shaky movements

Swelling or hardness around
umbilicus, discharge from umbilicus
or ils scar

Visible wounds or swelling

Fecal tests and/or visible worms

subcutaneous fluids such as 0.45%
NaCl, with 2.5% dextrose may be
administered. If animal is seizuring, a
rectal bolus of 25% dextrose or an [V
bolus of 10% dextrose may be admin-
istered. If an IV bolus is given, a
bload sample sheuld be taken prior to
administration to determine the initial
hlood glucose level, After the pup is
stable, it should be referred to the vet-
erinarian for further treatment.

Flush area with dilute Betadine or
Nolvasan (chlorhexidine), refer to
veterinarian for appropriate antibiotic
therapy

Flush area with dilute Betadine or
Nolvasun (chlorhexidine), refer to
veterinarian for appropriate antibiotic
therapy

Appropriate anthelminthics
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Animals with bacterial pneumonia may present with
tachypnea, dyspnea, lethargy, and cough, and may
be treated with appropriate antibiotics. Viral infec-
tions may often be accompanied by bacteria! infec-
tions, so treatment of respiratory disease with
antibictics is recommended.

Harbor and elephant seals are vulnerable to infes-
tation with the nematode Qrostrongylus circumlitis.
These parasites grow to be quite Targe. and in harbor
seals, reside in the bronchi and bronchioles. where
they may cause obstructive bronchitis and bronchi-
olitis. Treatment of affected animals may include
fenbendazole, antibiotics for secondary bacterial
infection, and corticosteroids such as dexametha-
sone to reducc inflammatory responses to dead
worms. Diagnosis may be based on fecal analysis,
however, the infestation may be quite severe before
larvae are present in feces. In some individual ele-
phant seals, O. circumlitis may not able io complete
its life cycle, and animals may develep plugs of
worms cbstructing the heart and pulmonary vessels
(Gulland et al. 1997b). Q. circumlitis infestation in
northern elephant seals has been associated with
disseminated intravascular coagulation, which is
characterized by bleeding from the nares, extended
clotting times, and other blood abnormalities
(Gulland et al. 1996). Treatment of suspected affect-
ed animals is as above for harbor seals.

Phocid pups may develop skin nodules character-
istic of seal pox virus. Lesions begin as small
(0.5-2-cm diameter) raised nodules, often on the
foreflippers, hind flippers, and chin, and may
become enlarged and ulcerated. Nodules persist for
four to eight weeks and the virus is quite contagious
to other pinnipeds {(Hastings et al. 198%). This con-
dition has not been shown to be life threatening to
the pups, but may require antibiotic therapy to con-
trol secondary bacterial infections, This virus has
alsc been suggested to have zoonotic potential, so
gloves should always be worn when handling affect-
ed animals (Hicks and Worthy 1987).
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Sea Lions and Fur Seals

Laurie J. Gage

NATURAL HISTORY

The most common species of sea lion and fur seal
presented for hand rearing are the Califomnia sea lion
(Zalophus californianus), and the northern fur seal
(Callorhinus ursinus). The average birth weight of a
Californta sea lion pup is 6.0-9.0 kg while northern
fur seal pup birth weights average 4.5-5.4 kg.

Births are seasonal for both species, with the
majority of California sea lion births seen in May
and June while the northern fur seal pups are typi-
cally born in June and early July.

Wild California sea lion pups generally are
weaned at four to eight months of age, between the
months of September and February. Captive sea lion
pups often will nurse for a year or more. Weaning
may not take place until they are physically
removed from the dam. Northern fur seals usually
are weaned at four to five months of age, in October
or November.

RECORD KEEPING

Keep a daily log of feed intake, fecal and urine pro-
duction, fecal consistency, body weight, and behav-
joral notes including attitude and appetite.

CRITERIA FOR INTERVENTION

Sea lion or fur seal pups may be orphaned ot aban-
doned and will by necessity need to be hand reared.
In captive sitnations, especially with primiparous
females, new mothers may initially reject or ignore
their pups. If the mother is not aggressive toward
the pup, removing the two from the exhibit and
placing them in a holding area may force the female
10 accept her pup and allow it to nurse. Sometimes
it seems the discomfort of giving birth makes the
female irritable and resistant to letting the pup
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nurse. Giving the female 20 to 30 mg diazepam
three to four times daily seems to help the sitation.
As long as the pup is strong and shows normal suck-
ling behavior, intervention may not be necessary.
The pup should be weighed daily, and if there is a
loss of weight, it should be tube fed. If the pup is not
nursing, or trying to nurse but not allowed, give it
10-12 mlkkg body weight Pedialyte or an elec-
trolyte solution via gavage (tube feed) afier 24
hours, and place it back with the dam. If insufficient
nursing has taken place after 36 hours and the pup
has lost weight, tube feed it formula and place it
back with the dam. Only if the pup seems weak and
shows no attempts at aursing, or the dam s overly
aggressive towards it. should it be removed com-
pletely to be hand reared. The pup should be wbe
fed as often as necessary to keep it hydrated and to
keep weight loss to a minimum. If the pup is mak-
ing good attempts at nursing, wbe feeding once a
day usually will be sufficient. Try any reasonable
method te keep mother and pup together. Usually,
after three days to0 a week of confinement and
diazepam, the mother will accept and successfully
rear her pup, however this result could take several
weeks to achieve,

FORMULAS

Sea lions have been successfully raised on a variety
of formulas. The formula should be similar to moth-
er's milk by being high in far. moderate in protein,
and low in carbohydrates,

It is impontant to include daily supplements of
200 mg thiamin, 400 IU vitamin E. 1.5 g salt, and
{00 mg taurine when using powdered formulas.
Failure 10 include these supplements may lead to
severe health problems. The easiest formulas 10 use
are commercially available powdered formulations.
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PetAg’s MultiMilk or Zoologic 30/55 (PetAg) both
have been used successfully in these species by this
author. Another tried and true formula appropriate
for sea lions and fur seals is the Marine Mammal
Center Fish-Based Formula (Table 20.1).

When using a powdered formula, care must be
given to making the formula consistently. A rule of
thumb for making the formula is to mix 2 parts
water to 1 part powder initially. If this mixture
agrees with the pup, and no diarrhea or constipation
is noted, the strength of the formula may be
increased gradually to 1.5 parts water to | part pow-
der. The consistency of the formula may vary from
batch to batch of powdered product. Pay attention 10
the thickness of the formuia when preparing it, and
be careful when making formula from a new batch
of powder. When the consistency in a new batch of
powdered formula is different from the previous
batch, adjustments of the powder-to-water ratio may
need 1o be made.

Making the formula too thin will result in poor
weight gain and ofien frantic, hungry pups. Making
the formula too thick results in gastrointestinal
problems such as diarrhea, vomiting, constipaticn,
or tnappetence. Keep the following guidelines in
mind:

v Powdered commercial formulas rnust not be
overblended, Use a wire whisk to mix; or if

using a blender, three to four seconds of blender
mixing at the high setting are usually sufficient,
Over ten seconds in the blender adds too much
air to the formula and may cause the pups to
have indigestion.

Temperature of the formula is very important
and pups will often be very particular about
accepting formula that is consistently the right
temperature. This vanies between individuals and
requires some experimentation to find the most
ideal formula temperature for each individual.
Some pups will enly accept formula that is over
a certain temperature.

Formula should always be temperature tested by
placing a few drops on the inside of your wrist.
Formula should be warm but never holt.
Overheating the formula in the microwave may
cause the consistency 1o change and may result
in digestive problems,

Bottles must be thoroughly mixed after heating
in the microwave to ensure there are no hot
spots within the bottle.

Formula may be reheated in the bottle up to
three times in a thirty-minute peried, but then
should be discarded. Formu!a that was heated
and not consumed during a feed should be dis-
carded. Formula that is over 24 hours old should
be discarded.

Table 20.1. Marine Mammal Center Fish-Based Formula

1.  Start with 0.68 kg of high-quality herring. Remove heads tails and fins. Do not debone the fish any

further.

2. Cut fish into small pieces, add 200 m] water, and grind into a smooth paste in a food processor.
Transfer paste to g rice strainer to remove the larger bone fragments,

3. Place 0.45 kg fish paste into a blender with the remaining ingredients:
300 m] Pedialyte or 5% dextrose in lactated Ringer’s solution

1 multiple vitamin ground into a powder
2 g salt

200 mg vitamin Bl

400 U vitamin E

280 mg calcium gluconate

500 mg vitamin C

10 ml safflower oil (or the preferred salmon oil, which is sometimes hard to find)

10 ml lecithin

4. Blend all ingredients to an even consistency. Pour contents into a clean container and add 400 ml
treated whipping cream.! Rock the container until ingredients are mixed.
5. Label the container with the date and time prepared and refrigerate. Discard after 24 hours. Recipe

makes approximately 1280 m] formula,

6. Invert container several times during a 24-hour period before use.

'"Treated whipping cream: Add (.75 ml lactase to 1 quart whipping cream.,
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WHAT TO FEED INITIALLY

Start newborns initially on straight Pedialyte (Ross)
or any balanced electrolyte solution such as lactated
Ringer's solution. Pups should be well hydrated
before starting them on formula. Start with a dilute
formula: 25% formula to 75% electrolyte solution.
Gradually increase the strength of the fermula over
the next 24 to 36 hours. See the Formulas section for
how to make up the formula.

NURSING TECHNIQUES

Sea lien and fur seal pups are generally uncompli-
cated to hand raise, but getting pups to suckle from
a bottle may be a challenge. One tip to encouraging
pups to accept you as a surrogate and to become
comfortable suckling is to wear the same clothing
whenever bandling the pup. The familiar smell,
which will be pungent to you after a few days,
seems to comfort the pup (Fig. 20.1).

Healthy pups usually have a good suckle reflex and
will nurse on clothing, fingers, and often everything
but the nipple. It helps to boil the nipples or wash
them thoroughly in hot soapy water, rinsing well 0
remove any latex or rubber flavor. To get pups accus-
tomed to the flavor of the formula put a small amount
on their lips wherever they start to suckle. Try to slip
the nipple into the pup’s mouth as it is suckling on
something else. This must be done gently and
requires much patience. Have a variety of nipples on
hand as individual pups prefer different nipple types.
Pups are often particular about the nipple they select.
Have several nipples of each brand on hand so when
one wears out it can be replaced with a new one of the
same type. Two of the more commonly accepted nip-
ples are the NUK nurser (Gerber) or a rubber lamb’s
nipple {available from most feed stores or from
Jeffers Livestock). It may take several days to a week
or longer for pups 1o accept the bottle and nurse con-
sistentty. Therefore, newboms may need to be fed via
gavage (tube fed) three to four times each day for
days 0 a week or longer. Occasionally pups never
accept the bottle and must be gavaged several times
each day for two or more months until they are
weaned and eating a fish diet.

TUBE FEEDING

Pups being fed via gavage, or stomach tube, will not
tolerate the same amounts of formula that bottle-fed
pups are able to nurse in one feeding session (Gage
1993). Formula amounts tube fed to pups must be
reduced by 25% to 30% of what nursing pups will
suckle each feed.

Figure 20.1. Northern fur seal nursing on a
bottle.

An ideal tube for sea lion or fur seal pups is a 1/2-
in (1.3 cm) diameter (OD) large canine feeding tube
(KI 700} custom cut to 3 ft (90 ¢m) in length
(Kalajian Company). Half-inch (1.3 cm) diameter
(OD) vinyl tubing (Ryan Herco) may also be used.
If the animal is smaller than 6 kg, the 3/8-in (0.95
¢m) diameter (OD) small canine feeding tube (KI
600, Kalajian Company) cut to about 90 ¢cm may be
used. Red rubber stallion catheters have also been
used with good success. The ¢lear vinyl tubes are
preferred because the formuia can be visualized in
the tube, and the cleanliness of the inside of the tube
is more easily evaluated. The tube is laid out along-
side the pup to the area of the stomach, just past the
last rib, and a mark is made with an indelible mark-
er at the tip of the snout to indicate how far to pass
the wbe. Gently open the pup's mouth and insert the
tube 1o the back of the throat. Push gently unul the
pup swallows the tube. You should be able to feel
the tip of the tube advancing down the esophagus on
the left side of the neck as you pass it. If the tube is
in the trachea you will not be able 1o feel it pass, and
you will not be able to advance the tube as far as
your mark. You may or may not hear breathing
through the tabe if it is in the trachea by mistake, so
do pot depend on that factor for confirmation of its
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location. If you have never passed a stomach tube,
ask for help from a veterinarian or experienced
rehabilitator.

Formula may be delivered by gravity through a
funnel attached to the feed tube, or by vsing a
catheter-tip 60-cc syringe. If the syringe is used, the
formula must be delivered very slowly, allowing 30
o 40 seconds for the delivery of formula from each
60-cc syringe.

FREQUENCY OF FEEDING

Newborns weighing less than 7 kg (15.4 1b) should
be fed every four hours. Once pups begin gaining
steady weight the feed amounts may be increased
gradually. Once the pup weighs over 7 kg, the feed-
ing frequency may be decreased to five times each
day, eliminating the 4 aAM. feed, and gradually
increasing the amounts of the other feeds. Once the
pup weighs over 10 kg, the frequency of feeds is
then decreased to four feeds per day. Bottie-raised
pups may limit the amount they eat at some feed
times. They may choose to nurse large amounts at
one time of day, and refuse entire feeds at other
scheduted feed times. If this happens consistently, a
feed may be eliminated, and the amounts offered at
the other feeds may be increased accordingly.

AMOUNTS TO FEED

In general, pups may be bottle-fed 15 to 25 ml per
kg per feed (7 to 12 ml per 1b), totaling 75 0 125 ml
per kg (34 to 57 ml per Ib) per day initially.

If you must tube feed the pup, start with 15 m! per
kg (6.8 ml per 1b) and increase the amount by 0.5 1o

1 ml per kg every other feed until you are wbe feed-
ing 20 mil per kg. If at any time during the feeding
process the pup regurgitates, the amount per feed
must be reduced.

Pups may chose to nurse less than what they are
offered. If pups are consistently finishing off the
offered amount and seem hungry, feed amounts may
be gradually increased. Pups tend to nurse up to 250
ml of formula per feed by the time they arc three 1o
four weeks of age. By the time they are six weeks
old, expect them to suckle between 250 to 300 ml
per feed, four times each day. Be aware that if the
formula amount is increased oo quickly, pups may
vomit or refuse the next several feeds. Similarly, if
the formula is powdered and made up too rich, pups
may suffer with digestive upsets, such as diarrhea or
constipation.

EXPECTED WEIGHT GAIN

Expect sea lions to gain 0.08 10 0.125 kg per day the
first two weeks (Fig. 20.2), Fur seals may gain
slightly less weight per day. Pups should be
weighed daily. Once pups are nursing well on a bot-
tle, a gain of approximately 0.2 to (.5 kg per day is
expected. It is not unusual for pups to gain weight
steadily for a few days and then have one or two
days per week with no signiftcant gains.

HOUSING

Full-term sea lion and fur seal pups are prone to
hyperthermia. They should be housed at tempera-
tures between 63 and 78°F (18.3 10 25.5°C). An
extra source of heat, such as a radiant heat lamp, or

Figure 20.2. One-week-cid
California sea lion pup on a
scale.




Sea Lions and Fur Seals 147

2 wet/dry heating pad (Osborne), shouid be wsed
only if the pup is underweight or is seen shivering,
or if the ambient temperature falls below 65°F
{18°C). When using heat sources, ensure the pup
always bas an unheated area available to it. If the
ambient temperature exceeds 73°F (25°C), ensure
the pup has access to a shallow pool, ot a place a
water spray in the vicinity of the pup.

Pups should be exposed to a shallow-water pool
within 72 hours of birth and will need assistance
with swimming at first, A pool with a gradually
sloping bottom from the beach into shallow and
then deeper water is ideal because it enables the pup
to easily get out of the pool on its own. Pups quick-
ly learn to swim but their front flippers are weak and
they cannot puli themselves out from a deeper pool
with a lip or an edge at the perimeter.

Most pups need to be supporied for their first few
attempts at deep-water swims. This is done by hold-
ing the scruff of their neck and lightly pulling them
into the deeper water. They usually will not venture
to deeper water without encouragement and sup-
port. They need to be closely supervised when
swimming for the first few weeks until they develop
sufficient strength in their front flippers. Allowing
them to play in shallow water is advised and they
should have several hours of supervised water time
each day for the first few weeks, They should be
housed in a secure, dry area when unsupervised
until they have demonsirated good swimming abili-
ty and are able to haul out onto dry ground on their
own.

IMMUNE STATUS AND SPECIAL NEEDS

Newborn pups that have not nursed may have
decreased immunoglobulins and must be handled
with care. There should be no exposure (o other ani-
mals unless the pup can be reintroduced to its moth-
er. Personnel handling the pups should wear clothes
designated for that pup. Clothing should be changed
between handling different individuals. Cleanliness
is a must and all bottles, nipples, or tubes should be
boiled or steam sterilized between each feeding.
Frequent wates changes or a quality filtration sys-
tem for pools is necessary, and haul-out areas or dry
enclosures should be cleaned and disinfected sever-
al times daily.

TIME TO WEANING

Sea lions and fur seals may be weaned off formula
and started on a fish diet as early as six weeks of
age, however it is preferable to feed them formula

for at least three months before starting the transi-
tion to whole fish. Once sea lions and fur seals are
eating fish, they should be receiving one marine
mammal vitamin (Mazuri Vita-Zu Mammal Tablet)
for every 5 to 7 Ibs of fish consumed each day. In
addition to that, supplementing with 400 [U vitamin
E daily is recommended.

TIPS FOR WEANING FROM FORMULA
TO SOLID FOOD

There are many clever ways to wean pups from for-
mula to fish. One method is to begin adding small
chunks of fish guts and muscle to the formula and
enlarging the nipple hole enough to allow the
clumps to be nursed along with the formula. Over a
period of several weeks, the size of the chunks is
increased until the pup is nursing cherry-sized
clumps of fish from the bottle. Once the pup is
accustomed 1o swallowing the larger chunks, whole
fish may be introduced to the pup in the dry area or
while it is in the pool. Allowing the pup to play with
whole fish and fish pieces while in the pool may
also entice it to begin to eat fish. Wiggling the fish
under water may help to entice the pup to focus on
the food item.

Ome other successful method is to allow the pup
1o play with ice cubes in the pool. Small chunks of
fish are frozen inte the cubes, and as the pup accepts
those, the chunks of fish are enlarged. Soon the pup
will accept ice-cube-sized chunks of fish, Not every
method works with every pup so experimentation
must be done to find the least stressful way to entice
a pup to accept fish.

As a last resort, pups may need to be force-fed fish
each day. This involves restraining the pup, prying
open its mouth, and introducing small whole or cut
fish. Herring is a good choice. This must be done
with care as sea lion and fur seal pups are inclined to
bite their handlers. We have found the crude methed
of taping tongue depressors or using heavy tape on
the handler’s index finger (o prevent bite wounds)
works better than using tongs to insert the fish past
the gag point. When force-feeding, ensure the fish
you are using is stiff. It may help to have it still par-
tially frozen, but only cold enough to add some *'stiff-
ness” to the fish. Do not force-feed frozen fish. Small
fully thawed fish may be too soft and are difficuit to
push past the gag point. Usually after a week or two
of being force-fed at least one feed per day, with bot-
tle or tube feedings making up the rest of the feeds,
pups will begin to eat fish on their own. It may be
necessary to decrease the number of daily feeds
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offered to heighten the pup’s appetite. Weigh the pup
daily 10 ensure there is no significant weight loss dur-
ing this transition period.

COMMON MEDICAL PROELEMS

Gastrointestinal problems such as diarrhea or con-
stipation are generally associated with improper
feeding techniques or changes in the formula. Pups
fed formula normally have yellow to tan soft-
formed feces that dissipate easily in water. [f the
feces are chalklike or too hard, one to two pinches
of any psyllium product (Equi-Aid) or Metamucil
and 1-3 ml of vegetable oil may be added to each
boitle. If too much oil is added, the feces will appear
slick or oily. The amount of oil should be reduced
accordingly.

Inappetence is usbally an indicator of the gas-
trointestinal problems relating 1o the formula, but
may also be a sign of another illness. Taking blood
once in the first week with a follow-up at one month
of age is recommended, however hlood samples
may be difficult to ohtain and are sometimes more
stressful to the animal than they are useful.

Anemia has been seen in hand-reared fur seals
and other young otariids (Gage et al. 1996; Gulland,
Haulena, and Dierauf 2001). It is important to
obtain & complete blood count every four to six
weeks to screen for this. If anemia is diagnosed,
ensure the pup is parasite-free and is getting at least
400 TU vitamin E and 200 mg thiamin daily. Be
aware that pups may be able to detect and selective-
ly reject fish with supplements. Anemic pups have
been treated with erythropoietin with good success.

Parasites are reported in wild stranded fur seal and
sea lien pups. Especially important in young wild
pups is hookworm (Uncinaria sp.), which may cause
severe anemia. Infected fur seals and sea lions have
been successfully treated with fenbendazole at a dose
of 10 mg/kg orally for three consecutive days.

Pneumonia is another common medical problem.
Pups have been treated with appropriate antibiotics
and nehulization, and regain their appetites quickly
once the problem is diagnosed and properly treated.

Proper hydration is 2 must and if a pup is not eat-
ing well it should be given subcutaneouns fluids to
maintain hydration. Lactated Ringer’s with 5% dex-
trose is a good choice as the glucose is absorbed
quickly and may help w prevent hypoglycemia.
There have been no ill effects from giving these flu-
ids subcutaneously.

If pups are limp or unresponsive, hypoglycemia
should he considered. Blood should be drawn and a

blood glucose test run to determine if this is the
problem. If the blood glucose is under 80 mg/dl, a
10% to 25% glucose solution should be given IV o
effect. A 5% glucose solution may be given subcu-
taneously and 50% glucose solution may be given
via gavage to help to stabilize the pup.

It is difficuit to draw blood from otariids. The
caudal gluteal vein is a good choice for experienced
handlers. The jugular vein is another choice in well-
restrained pups. For those inexperienced ir han-
dling otariid pups, trimming a toenail is sometimes
the most expedient way to obtain a blood sample for
testing blood glucese.

Pups housed in fresh water have an absolute
requirement for sodium, which must be included in
their daily formula at a2 dose of no less than 1.5 grams
NaCl per individual per day. Clinical signs of
hyponatremia are vague neurclogic signs; primarily
muscle fasciculation or seizures. Normal serum lev-
els of sodium should exceed 140 mEqg/L. If serum lev-
els are lower than 140 mEq/l, sodium chloride must
be increased in the diet. Sodium levels below 130
mEq/! are life-threatening. Administering 3% sodium
chloride intravenously may reverse this condition.

RELEASE: CAPTIVE VERSUS WILD

Sea lion and fur seal pups imprint readily on pecple
and if they are being raised for release 1o the wild
they must have very little exposure to humans. This
may be accomplished by using a puppet or 2 padded
box with a hole through which the nipple is secured.
Stuffed animals or sturdy piliows the pup can snug-
gle against for comfort are used te replace human
contact. Talking within earshot of the pups must be
avoided. Getting a pup 1o nurse on 2 bottle without
having it imprint on its caregiver is a challenge, bat
with patience and ingenuity, it can be accomplished.
If more than one pup is being hand reared, they can
be housed together for companionship. Imprinted
sea lion pups are poor release candidates, and tend
t0 seek out human companicnship after returning to
the wiid. Imprinted fur seal pups may have a greater
chance of reverting to a snitable wild disposition.

SOURCES OF PRODUCTS MENTIONED
Equi-Aid Products, 1nc., Phoenix, AZ 85027

Gerber Products Company, c/o Consumer
Affairs, 445 State Street Fremont, Michigan
49413-0001; www.gerber.com; 1-800-443 7237

Jeffers Livestock, www jefferslivestock.com,
1-800-533-3377
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Kalajian Company. Long Beach, CA; 1-562-
424-9749

Mazuri; 1-800-227-8941; mazuri @ purina-mills.

com
QOsborne Industries, 120 N. Industrial Avenue,
Osborne, KS 67473; 1-8(X)-255-0316

PetAp Inc.. 261 Keyes Ave., Hampshire. IL
60140; 1-800-323-0877, 1-800-323-6878:
www.petag.com

Procier and Gamble: www.metamucil.com:
1-800-686-7139

Ross Products Division, Abbott Laboratories,
Columbus, OH 43215-1724; www.abbott.com

Ryan Herco, 1819 Junction Ave,, San Jose, CA
95131-2101; 1-800-848-1411
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Walrus Calves

Laurie J. Gage and Terry S. Samansky

NATURAL HISTORY

There are two subspecies of walrus: the Pacific wal-
rus (Qdobenus rosmarus divergens), and the
Atlantic walrus (Odobenus rosmaris rosmarus).
The average birth weight of walrus calves is 45-80
kg (99-176 Ib). Births are seasonal, from mid-April

Figure 21.1. Charting the weight of a walrus
calf.
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to mid-June, but occur primarily in May. In the
wild, calves may nurse for as long as two years:
some may nurse longer if the cow does not give
birth to a new calf (Fay 1982).

RECORD KEEPING

Keep a daily log of food intake, fecal production, con-
sistency, and appearance, body weight, and behavioral
notes including activity, attimde, and appetite. Keep
carefu] records on formuly adjustments (Fig. 21.1).

EQUIPMENT
The following items should be available:

Blender: Heavy duty commercial blender (i.e.,
Waring Commercial One Gallon Blender)

Large calf bottles and a vadety of calf and lamb
nipples

Microwave or other method of heating formula

Large diameter vinyl stomach tube (1.9 cm OD)

60-cc or 140-ce syringes

CRITERIA FOR INTERVENTION

Wild walrus pups may be abandoned or Orphaned.
Captive walrus calves that are rejected by the cow,
or are unable to nurse either due to poor milk pro-
duction in the cow or because the calf is weak, by
necessity will need to be hand reared.

FORMULAS

Walrus calves have been successfully raised on a
variety of formulas. The formula should be similar
to mother’s milk by being high in fat, have moder-
ate amounts of protein, and have trace amounts of
carbohydrates.

The easiest formulas to use are commercially
available powdered formulations. PetAg's Multi-
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Milk or Zoologic Milk Matrix 30/55 (PetAg) have
been used successfully by these authors. Anather
formula made from readily available ingredients is
the Walrus Farmula in Table 21.1.

When using a powered formula, ensure that the
consistency of the formula is matntained for every
new batch. A rule of thumb for making the formula
is 10 mix by volvme, 2 parts powdered Milk Matrix
30/55 to 5 parts water initially. After one month of
age, if this mixture agrees with the calf, and no diar-
rhea or constipation is noted, the strength of the for-
mula may be increased graduvally to 1 part powder to
2 parts water; which will increase the caloric value
(kcal/liter} by about 50%. The consistency of the
formula will vary from batch to batch of powdered
product. Pay attention to the thickness of the formu-
la when preparing it, and be careful when making
formula from a new batch of powder. Adjustments
of the powder-to-water ratio may need to be made.
If the weight gain of the calf dips er levels out, the
ratic may be again increased gradually to 1.25 parts
powder to 2 parts water.

Table 21.1. Walrus Formuila mredients

Making the formula too thin will result in poor
weight gain. Making the formula too rich results in
gastrointestinal preblems such as diarrhea, vomit-
ing, constipation, or inappetence. The following tips
will aid in use of formula:

s Powdered commercial formulas must nat be
overblended. When blending, several bursts of
four to six seconds of blender mixing at the high
setting are usually sufficient. Overblending adds
too much air to the formula and may cause the
pup to have indigestion.

» Temperature of the formula is very important
and calves may be particular about accepting
farmula that is consistently the right tempera-
ture. This varies between individuals and
requires some experimentation to find the most
ideal formula temperature for each individual. In
our experience, the preferred formnula tempera-
ture ranges between 95 and 102°F (35 and
39°C).

¢ Formula should always be temperature tested by
placing a few drops on the inside of your wrist.

Clams 1kg
Herring 1 kg
Safflower oil 100 ml
Cod liver oil 10 ml
Isomil 150 ml
Marine mammal vitamin 1 tablet
Dicalcium phosphate 250 mg
Vitamin B, 125 mcg
Vitamin C 250 mg
NaCl 5g
Nutncal 20 ml
Lecithin 10 ml
Yogurt 200 ml
Bottled water 500 ml
Botiled water 1200 ml
Whipping cream 300 ml

Instructions for Preparation

Weigh out clams and place in a heavy-duty commercial blender. Weigh herring, remove lovse scales, and
place in blender. Add all vitamins, dicalcivm phosphate, NaCl into a mortar and grind to a powder. Place in
blender. Measure safflower oil into a beaker and add Nutrical to the beaker until 40 m] of liquid has been
displaced (Example: 100 ml of oil will read 140 m! after 40 m! of Nutrical has been added). Add cod liver
oil, Isomil, and lecithin. Put mixture into blender. Add 500 m] water and mix in blender on high for 30 to
45 seconds. Add remaining 1200 cc water. Mix 10 seconds. Add the whipping cream and mix for exactly 3
seconds; no more. Label and date the container. Refrigerate formula, and discard unused formula afier 24

hours,
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Formula should be warm but never hot,
Overheating the formula in the microwave may
cause the consistency to change and may result
in digestive problermns.

+ Bottles must be thoroughly mixed after heating
in the microwave 10 ensure there are no hot spots
within the bottle. This is done by securing the
nipple on the bottle and shaking vigorously.

* Formula may be reheated in the bottle up to
three times in a 30-minute period, but then
should be discarded. Formula that was heated
and not consumed during a feed shouid be dis-
carded. Formula that is over 24 hours old should
be discarded.

* Crushed, powdered, or liquid vitamins are added
to the bottles and mixed thoroughly after they
are heated.

» Care should be taken to maintain a steady and
controlied weight gain. Artificial formulas too
high in fat and too low in calcium have been
associated with seizures, weak bones, and frac-
tures (Walsh 1990).

« Clams and fish must be pureed before adding to
the formula. It is highly recommended that an
industrial blender be used for this reason.

At 10 weeks of age, add 115 g ground clams 1o
each liter of formula. At 16 weeks of age, increase
the clams to 230 gfliter of formula. At five months
of age, add 70 g ground herring per liter to the for-
mula.

SUPPLEMENTS

Supplements change and are increased as ihe ani-
mals grow. The following protocol is based on our
experience raising four heaithy walruses at our
facility.

* Give initial daily supplements of one multiple
marine mammal vitamin {Vita-Zu Marine
Mammal tablets; Mazurt), 1 g thiamin, 800 IU
vitamin E, 600 mg dicalcium phosphate, and
250 mg taurine.

» At 2 weeks of age, increase the calcium supple-
ment to 500 mg dicalcium phosphate twice a
day.

« At 3 weeks of age, increase taurine o 250 mg
BID. Add 2 ml cod liver oil to each liter of for-
mula. Increase this amount gradually over the
next week to a total of 8.7 ml cod liver oil per
liter of formula. This will increase the caloric
value of the formula.

* At 6 weeks of age. increase the dicalcivrmn phos-
phate to 1000 mg BID, and gradually increase
the cod liver oil to 13 ml/liter of formula fed.

» At 8 weeks of age, add one additional marine
mammal vitamin datily.

» At 10 weeks of age, gradually bring the cod liver
oil to 17 ml/liter of formula.

+ At 14 weeks of age, increase the cod liver oil to
22 ml/tter.

* At 4.5 months of age, increase the marine mam-
mal vitamins from two to three per day, and
decrease the thiamin from 1 g to 506 mg/day.

« At 9 months of age. when the animal is begin-
ning to eat clams consistently, eliminate the tau-
rine from the formula.

WHAT TO FEED INITIALLY

Start newborns initially on 50:50 bottled
water:Pedialyte (Ross) or any balanced electrolyte
solution such as lactated Ringer’s sotution, Give 20
to 40 mi/kg per day divided into four to five feeds
initially. This will likely need to be given via gavage
(tube fed). Calves shouid be well hydrated before
starting them on formula. Dehydrated calves should
receive up to 80 ml/kg per day of electrolyte solu-
tion by a combination of oral and subcutaneous
administration. When introducing the formula, start
with it diluted—10% formula: 90% electrolyte sclu-
tion. Gradually increase the strength of the formula
over the next 48 hours. At that point we used a ratio
of one part MultiMilk to two parts water (PetAg).
PetAg has replaced MultiMilk with Milk Matrix
30455, which has a higher caloric density. Based on
that change, we recommend starting with a 2:5 ratio
of Milk Matrix 30/55 powder to water. All ratios
mentioned in this chapter are by volume. These
ratios are only guidelines. If using the Milk Matrix
product, be sure to check with PetAg for any recent
formulation changes.

NURSING TECHNIQUES

Walrus calves often will not accept the bottle and
formula at first and must be wbe fed. Healthy
neonates usually display a very strong suckle reflex
and will try to nurse on fingers, elbows, and other
available objects, however, they often rgject an arti-
ficial nipple and boitle when first offered. Have a
variety of types, shapes, and sizes of human and ani-
mal baby bottles and nipples available, as individual
calves will have different preferences. It helps to
bhoil the nipples or wash them thoroughly in hot
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soapy watel, rinstng well o remove any latex or
rubber flavor. We found the calves that we raised
would accept warm water from the bottle before
accepting the formula. This may be due to the dif-
ference in taste, temperature, and/or consistency of
the formula versus mother’s milk. Once the calves
were comfortable with the equipment and consis-
tentiy taking water from a bottle, we added a small
amount of dilute premade formula to the water to
allow the calf 1o get used to the taste and consis-
tency. Slowly the concentration of formula was
increased until the calf was readily accepting the
formula at full strength. Temperature of the formula
seems to be critical to each individual, and most
calves seem to prefer the temperature to be between
95 and 102°F {35 and 39°C). The calves we reared
vltimately accepted the large calves’ nipples
attached to one-liter plastic calf bottles (see Fig.
21.2). Some calves may prefer the smaller lamb's
nipple attached to the larger bottle. These are avail-
able from most feed stores or from Jeffers
Livestock. It may take several days to a week or
longer for pups to accept the bottle and nurse con-
sistently, Therefore, newborns may need 1o be fed
via gavage three to four times each day for several
days to a week or longer.

TUBE FEEDING

Vinyl tubing with an outside diameter (OD) of 0.75
in (1.9 cm) (Ryan Herco) may be used. Plastic wb-
ing is not recommended because it gets very hard
after repeated boiling and may irritate the esopha-

gus. Equine stomach tubes may also be used
{Kalajian).

Be careful when passing the stomach tube. We
found it is very easy to accidentally pass the wbe
into the trachea. Formula or fluids delivered through
the trachea into the lungs would probabty result in
death. To avocid this, follow these guidelines:

* It will take one person, possibly two, just to
restrain the calf.

» Lay the wbe out alongside the calf to the area of
the stomach, just past the last rib, and mark the
tube with an indelible marker at the tip of the
sneut to indicate how far to pass the tube.

» Gently open the calf's mouth and insert the tube
to the back of the throat. Push gently until the
calf swallows the tube. You will probably not be
able to feel the tip of the tube advancing down
the esophagus on the left side of the neck as you
pass it. You may need to use your hands and fin-
gers to depress the calf’s tongue so that the tube
can enter the esophagus,

» When the tube is passed correctly down the
esophagus, you may hear the crackling sound of
stomach gasses or see stomach contents reflux
back up into the tube.

» If the tube passage stops short, and does not pass
easily to the indelible mark, you may have
passed it into the lungs. For this reason. never
force the tube; when it is in the esophagus, it
should always pass smoothly to the stomach,

* Listcn for sounds of breathing through the tube.
Often, but not always, when the tube is in the

Figure 21.2, Bottle-feeding wal-
rus calves {photo by Charlotte
Fiorito, courtesy of Six Flags
Marine World).
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Figure 21.3. Pacific walrus }
calves at Marine World Africa
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trachea, breathing sounds may be heard through
it. If you suspect the tube is in the trachea,
remove it and restart the tubing process.

* When the tube placement is in doubt, blow g
puff of air into the tube while someane else is
listening to the stomach area with a stethoscope.
This produces gurgling sounds, which will be
heard when the tube is in the stomach. This is
not recommended to perform frequently, as it
introduces gas into the stomach and may cause
discomfort.

* If you have never passed a stomach tube, ask for
help from a veterinarian or experienced rehabili-
tator.

Formula may be delivered by gravity using a fun-
nel, or by using catheter-tip 60-cc or 140-cc
syringes, Gravity feeds are preferred. If the syringe
is used, the formula must be delivered slowly,
allowing about 20 seconds for each 60 ml delivered.

FREQUENCY OF FEEDING

Newborns up to one month of age should be fed
every four hours from 8 a.Mm. until midnight (five
times per day). If they are doing well, gaining
weight, and have normal feces, the midnight feed
may be discontinued at four to five weeks of age,
and the extra volume divided into the remaining
four feeds,

AMOUNTS TO FEED

In general, calves may be fed 30 to 40 ml per kg per
day (13 to 18 ml per 1b), divided into five feeds (6
to & ml per kg per feed) until two weeks of age. The
amounts may then gradually be raised to 40 to 50 m!

per kg per day for the next month. The goal is to
achieve steady and controlled growth and weight
gain. During the first six months of life the formu-
la’s average caloric value showld be about 100
kcal/kg body weight/day. While the total amount of
food and calories consumed will increase steadily,
the ratio of calories consumed compared to total
body weight (kcal’kg body weight/day) will proba-
bly rise for a few months and then gradually
decrease as the calves grow and mature {see Fig.
21.3). The concentration of the formula may gradu-
ally be increased to increase the caloric density of
the diet. At one month of age, the concentration may
be increased gradually over several days from a
ratio of two parts (by velume) Milk Matrix 30/55
powder to five parts water; to a concentration of one
part Milk Matrix 30/55 powder to two parts water,
If at any time during the feeding process the calf
regurgitates or has abnormal feces, the amounts per
feed or the concentration of the formula must be
reduced. Also note the consistency of the formula
with each new batch of powdered product.
Occasionally the formula will be much thicker or
thinner when made with a new batch of powdered
diet, and must be adjusted accordingly.

CALORIC VALUE DETERMINATIONS

It is important to know the amount of fat, protein,
and carbohydrate present and the total caloric value
of any formula fed. Daily caloric intake, along with
daily body weighis, appetite, activity level, and
fecal appearance are important factors in determin-
ing dietary changes and reaching a goal of steady
and controlled growth and weight gain. Each for-
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mula component and food item should be anatyzed
for fat, protein, and carbohydrate composition uti-
lizing the product labels, supplier’s labaratory
analysis, or literature search. Approximate caloric
values may be determined by multiplying each
macronutrient by its average energy coefficient:
fat = 9 kcal/g, protein and carbohydrates = 4 kcal/g.
The caloric density of the formula is adjusted pri-
marily by varying the ratios of the Milk Matrix o
water. Volumne and caloric density of the formula are
increased gradually 1o allow the calves sufficient
time (o adjust to each successive change.

Here are some examples of caloric values of for-
inula ingredients:

Mitk matrix 30/55 2:5 ratio: Fat = 6.8%, Protein =
3.8% (percemages taken from the label)

Calculation of calories: 1 liter = 1043 g (by
weight)

Note: One liter of water weighs 1000 g, once the
powdered formula is added, one liter of fermula
weighs approximately 1043 g,

Fat = 6.8% (0.068) X 1043 ¢ =709 g X 9 keal/g
=638.3 keal

Protein = 3.8% (0.038) X 1043 g=3%6g X 4
keal/g = 158.5 keal

Total caloric value = 638.3 + 158.5 = 796.8 kcal/
liter.

We contacted PetAg and were able to obtain the
protein, fat, and carbohydrate values for a 1:2 ratio
of Milk Matrix 30/55. One part powder to two parts
water had nutritional values of 18.2% solids, 6.06%
protein, 10.33% fat, and 0.64% carbohydrates with
a total caloric value of 1217.2 keal per liter.

When Milk Matrix is mixed in a 3:4 ratio (1.5
parts pewder to 2 parts water), it yields 1373.7 kcal
per liter.

The caloric value of 1 ml of cod liver oil is 7.83
kcal. One gram of clams contains approXimately 0.6
kcal.

Figure 21.3 illustrates the average total body
weights and average daily caloric intake of four
orphaned Pacific walrus calves successfully hand
raised at Marine World Africa USA from May 1994
through February 1995. During this period the
approximate caloric value of the formula varied
between 921 and 1370 keal/liter and far content
ranged between 7.9% and 11.9%. Total protein rose
from 4.3% to 8.2%. At their peak, the calves were
gaining approximately 0.5-0.7 kg (1.1-1.5 Ib) of
total body weight (TBW) per day and were con-
suming about 125 kcal/kg (TBW) per day. Note that

the ratic of calories consumed versus total body
wetght (kcal/kg TBW) decreased substantially after
the fourth month while total body weights centin-
ued to rise at desfrable rates., Soiid food {(clams,
squid, white bait, and herring) was first introduced
at 8 months and within several days became an
increasingly important source of nutrition. The
introduction of solid food raised the total volume of
food fed, while lowering the ratio of fat to protein
{thus lowering the ratic of kcal/kg body weight}. At
10+ months of age, the calves were consuming
between 5 and 6 liters of formula and 2.5 10 6.5 kg
of solid food per day. The weaning process extend-
ed over a period of about 10 months and was not
completed until the calves were approximately 18
months of age,

EXPECTED WEIGHT GAIN

Calves may lose 1-3 kg in the first 7-10 days dur-
ing the transition to bottle-feeding but should gain
weight steadily once they are consistently nursing.
Expect calves to gain 0.5 t0 0.7 kg (1-1.5 Ib) per
day. Calves should be weighed daily. It is common
for calves to gain weight steadily for a few days in
a row and then have a day or two per week with no
significant weight gains. If the weight plateaus for
several days or begins to drop it is a good indicator
that it is time to increase the total caloric intake by
increasing the volume of formula, the concentration
of formula, or both. Calves should increase their
body weight by abour 3009 in the first ten months
(sce Fig. 21.3),

HOUSING

Initially, walrus calves should be housed only with
their own mothers or other calves. Walruses are
easily startled and large adult animals may acciden-
tally injure young ones as they rush to escape a per-
ceived danger. Design of a walrus facility is an
important part of maintaining the health of the ani-
mals. Holding facilities must be strong, secure, and
easy to clean. Plenty of haul-owt space should be
provided to allow the mother the ability to move
about freely without crowding the calf. The facility
should provide a saltwater pool to allow the animals
the opportunity to bath and cool off. Peols should be
designed with steps and/or gradually sloping sides
to allow the calf the ability to easily exit the pool if
the water level fluctuates to any depth. Some insti-
tutions have constructed special birthing areas with
shallow (6-in deep) “splash pools™ as an added pre-
caution to prevent accidental drownings. Mother
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and calf remain in this area until it is determined
that the new mother is relaxed and the calf is strong
enough to swim and get out of a deeper pool on its
OWI.

Walruses are highly prone to mouth and swallow
any small loose objects that they can find. They are
also notorious for their ability to tirelessly investi-
gate their exhibits and find, break, and swallow any
weak or flawed structural components. Special care
must be taken to ensure that all fixtures, equipment,
fasteners, facades, and rock-work are “walrus
proof.” Regular inspections of the facilines and
inventories of all toys and equipment should be
made to ensure that no items are missing and per-
haps swallowed. Underwater viewing windows
should have a barrier covering all window seals, as
walruses may ingest the sealant material. Exhibits
should be designed so the public is not able to drop
or throw any cbjects into the pool.

IMMUNE STATUS AND SPECIAL NEEDS

Newborn pups that have not nursed may have
decreased immunoglobulins and must be handled
with care. Cleanliness is a must and all bottles, nip-
ples, or stomach tubes should be theroughly washed
in hot soapy water, using a bottle brush each time ta
scrub the inside of the bottle. Stomach tubes should
be soaked in disinfectant or boiled between each
teeding. Rinse thoroughly before the next use. Use
boiled. filtered. or bottled water for hydration or
making the formula.

Frequent water changes or a quality filtration sys-
tem for saltwater pools is necessary, and haul-out
areas or dry enciosures should be cleaned frequent-
Iy and disinfected daily.

WEANING FROM FORMULA TO SOLID
FOOD

Solid food such as clams, herring, white bait, and
squid are introduced at six 1o eight months of age.
At ten months of age walrus calves will consume 5
10 6 liters of formula and 2.5 to 6.5 kg of solid food
per day. Even though the calves are eating well, bot-
tles of formula are offered for several more months.
The weaning process is gradual, and the animals are
not completely weaned off of the bottles until they
are about 18 months of age. From a medical stand-
point, it is beneficial to continue the bottles inter-
mitienily for some time after that, as it is an easy
method to rehydrate and/or give animals oral med-
ication. For this purpose water is well accepted and
may be substituted for the formula.

COMMON MEDICAL PROBLEMS

Gastrointestinal problems such as diarthea or con-
stipation are generally associated with improper
feeding techniques or changes in the formula.
Inappetence may be an indicator of the gastroin-
testinal problems relating to the formula, but may
also be a sign of another illness. Cultures of feces
should be submitied to the laboratory. Taking blood
once in the first week with a follow-up at one month
of age is recommended. Blood samples may be
obtained from the epidural intravertebral sinus.

Salmonellosis has been reported in walrus calves.
Clinical signs include acute onset of partial to com-
plete anorexia, diarrhea, regurgitation, lethargy, and
weight loss (Calle 1995).

Foreign body impactions are common and a seri-
ous concern. Walrus calves explore and orally
manipuiate everything in their environment.
Caution should be taken when designing a walrus
facility to ensure the public is not able to drop or
throw anything into the enclosure. Exhibits should
be designed so there is no public contact with the
young animals. Some facilities may require netting
over the entire exhibit, or an auendant present
whenever the public is present. Exhibits with under-
water viewing should be designed with protective
barriers around the windows so the walruses cannot
access and suck out the underwater window sealant
material.

As young walruses mature and begin to grow
tusks, some may develop a habit of rubbing their
tusks on hard surfaces. If this behavior continues the
anirnal may develop an ascending infection into the
sinus, requiring the surgical removal of both tusks.
Because walrus calves like to manipulate objects
with their mouths, offering safe swallow-proof toys.
blocks of ice, and other enrichment items may avert
the negative behavior of wearing down their tusks
{Fig. 21.4).

Walrus calves should be housed in salt water.
Calves housed in fresh water have an absolute
requirement for sodium, which should be included
zt a level of 2 g NaClAiter in their daily formula.
Clinical signs of hyponatremia are vague neurolog-
ic signs, primarily muscle fasciculation ot seizures.
Administering 3% sodium chloride intravenously
may reverse this condition.

SOURCES OF PRODUCTS MENTIONED

Jeffers Livestock: www.jefterslivestock.com;
1-800-533-3377
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Figure 21.4. Walrus calves
playing with blocks of ice.

Kalajian Company, Long Beach, CA; 1-562-
424-6749

Mazuri, 1050 Progress Dr., Richmend, IN
47374; 1-800-227-894|; Mazuri.com

PetAg Inc., 261 Keyes Ave., Hampshire, IL
60140; 1-800-323-0877, 1-800-323-6878,;
WWW.petag.com

Products Division, Abbott Laboratories,
Columbus, OH 43215-1724; www.abboti.com

Ryan Herco, 1819 Junction Ave., San Jose, CA
95131-2101; 1-800-848-1411

Waring Products Division, Dynamics
Corporation of America, New Hartford, CT
06057
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Fox Kits

Jennifer Convy, Darlene DeGhetto, and Sophia Papageorgiou

NATURAL HISTORY: RED FOX

The red fox is of the order Camivora, family
Canidae, genus Vidpes, and species vulpes. Its status
is nonnative to the United States.

Description/ID

The haircoat color of the fox is usually a deep
reddish-brown but a red fox can also be grayish.
tannish-yellow, pale yellowish-red and black. They
have black feet and legs, large, pointed ears, elon-
gated sharp muzzles, and rounded bushy tails with 2
white tail tip. The pupils of the eyes are elliptical
and they have a musky odor from their scent glands.
Length of the head and body range from 15 to 34
inches (38 to 86 cm) and tail length is 9-22 inches
(23-56 cm) (Macdonald 1995; Nowak 1991).

Reproduction

These small wild canids breed from January
through February. Females sexually mature at ten
months. Some foxes mate for life. Gestation is
49-56 days after which time one litter of four to five
young is born (Macdonald 1995; Nowak 1991}

Habitat and Activity Period

They are primarily nocturnal or crepuscujar and
prefer mixed woodlands and farm lots or inhabit
meadows and fields. They den in sides of hills dur-
ing breeding season to rear Kits (Macdonald 1995:
Nowak 1991).

Natural Diet and Foraging Techniques

Foxes are omnivorous and, as opportunistic hunters,
feed on small mammals, birds, eggs, fruits, reptiles,
fish, insects, and carrion. Food caches for future
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censumption are secured by burying them in leaves
or dirt (Macdonald 1995. Nowak 1991).

Additional Information

The tail is used as a blanket in colder climates pro-
tecting the nose and feet from frosthbite. in very cold
climates. reconsider releasing a red fox with an
amputated or very short tail. Female foxes are called
vixens {Macdonald 1995; Nowak 1991).

Behavior Characteristics-Wild and Captive

Foxes have a keen sense of sight, smell, and sound.
They vocalize often in the wild and Kits vocalize in
captivity. They growl and scream sometimes when
handled. Foxes walk on their toes digitigrade, do
not hibernate, and are very quick and cunning.
Because of their preficiency at digging, an escape-
proof enclosure is a necessity.

Aduits weigh 6 10 15 pounds (2.7 to 6.8 kg)
(Macdonald 1995; Nowak 1991),

NATURAL HISTORY: GRAY FOX

The gray fox {Urocyon cinerepargenteus and U, lit-
toralis} is also classified in some texts as genus
Vielpes with species name vulpes cinereoargenteus.
Its order is Camivora, family Canidae, genus Vitlpes
ot Urocyon, and species cinerecurgenteus and lit-
toralis. lis status is native to the United States.

Description/ID

Gray foxes have a gray head. tail, and body. They
have white areas inside their legs and at their throat
and ventral abdomen. The back and tail tip have
black accents and they also have some rust at their
neck and lower flanks. The gray fox has a head 1o
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body length of 19-26 inches (48-66 cm) and a tail
length of 10-17 inches (2543 cm) (Nowak 1991).

Reproduction

Gray foxes mate from December to March in the
western United States and from January to May in
the Northeast. Gestation is generally nine weeks
(61-63 days). Vixens have one litter per year and
usually give birth to four young, but lister size varies
from one to ten young. Foxes tend to be monoga-
mous and the yourg stay with their parents for their
first year (Macdonald 1995).

Habitat and Activity Period

These animals are found in “wooded and brushy
country.” They often den in crevices and trees, They
are primarily nocturnal or crepuscular and prefer
mixed woodlands and farm lots or inhabit meadows
and fields. They den in sides of hills during breed-
ing season to rear kits (Macdonald 1995; Nowak
1991).

Natural Diet and Foraging Techniques

Foxes are omnivorous and, as opportunistic hunters,
feed on small mammals, birds, eggs, fruits, reptiles,
fish, insects, and carrion. Food caches for future
consumption are secured by burying them in leaves
or dirt (Macdonald 1995; Nowak 1991),

Additional Information

Gray foxes are excellent tree climbers. The species
U. lintoralis is considered rare by the California
Department of Fish and Game and thus is fully pro-
tected (Macdonald 1995).

Behavior Characteristics—Wild and Captive

Foxes have keen senses of sight, smell, and hearing.
They vocalize often in the wild and kits vocalize in
captivity. They grow! and scream sometimes when
handled. Foxes walk on their toes digitigrade, do not
hibernate, and are very quick and cunning. Because
of their proficiency at digging, an escape-proof
enclosure is a necessity.

RECORD KEEPING

Detailed records must be maintained as in all
captive animal situations. Ensure accurate daily
recording of attitude, weight, temperature, heart and
respiratory rate (if possible), food fed (measured),
and amount eaten (measured). Any procedures,
physical examinations, medications provided, or
other information must be written in the animal's
individual record file, Case numberftag numbers

should be placed on all sheets of the animal's per-
manent record for identification purposes.

Age Determination

The following guidelines can be used to determine
age (Convy 2001; Hanes 1991}

Weighs 100 g, blind, deaf, 10
cm long, covered with short
black fur and look very
unfoxlike, with blunt noses
and sealed ears. They are
unable to control body tem-
perature.

Eyes open and are milky-blue
in color; sight poor; begin to
move around.

Emerge from den with fur
colored rich chocolate brown,
beginning to molt their juve-
nile pelage.

Weighs 600-700 g; molt com-
plete; fur is short and com-
pletely reddish—orange in
color.

Completely weaned, snout
and ears become long and
pointed; learning to hunt with
parents.

Weighs 3.5 or more kg; ready
for complete independence
from parents.

Newborn:

11-14 days:

4 weeks of age:

5-6 weeks:

8-10 weeks old:

6 months:

INITIAL CARE AND STABILIZING

Perform a complete physical examination either by
manual restraint or with sedation. The animal
should only be immobilized if it is in stable condi-
tion and only if necessary to perform a physical
exarnination or do a diagnostic workup (blood
panel, radiographs, etc.).

Blood (CBC and chemistry panel) and a fecal samn-
ple should be submitted for analysis. The veterinari-
an should be present or called in if necessary depend-
ing on the condition of the animal. Check the packed
cell volume (PCV), total solids (TS), and blood glu-
cose (BG) in order to initiate weatment for any
immediate problem. If the BG is low, less than 60
g/dl, give subcutaneous or intravenous fluids (lactat-
ed Ringer's soluticn {LRS] or Normosoi-R with a
2-1/2% dextrose solution SQ or higher percentage
dextrose if given IV). Prepare blood slide smears for
review by the veterinarian, Be sure to make at least
wo slides if possible. Prepare equipment for IV
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catheter placement, fluid therapy, skin scrape, and
possibly X rays. Be sure to provide the animal with
an external heat source for warmth, fluids, and
appropriate medications based on physical examina-
tion findings.

Once the initial exam has been performed, for-
mulate a treatment plan for any problems the ani-
mal may have. Remember, these animals are not
domesticated puppies, but most of their medical
problems may be treated similarly to those of
domestic canine puppies. If you do not have access
to a veterinarian with wildlife experience, a small-
animal praciitioner should be quite helpful in car-
ing for these species. Keep in mind these are still
wild animals and must function in 2 harsh. unfor-
giving environment in nature. If they have frac-
tures, they must heal well enough that they can
catch prey items for food and protect themselves as
necessary. The fox must be able to leap and pounce
in order to catch prey.

RESTRAINT AND HANDLING

Several things should be kept in mind when
restraining and handling fox kits (Convy 2001).

Always wear gloves when handling any carni-
vores as a precaution against Baylisascaris sp. par-
asite worm, ringworm, and other diseases.

Young kits under 2 Ib {1 kg) (fewer than eight
weeks old) may be handied by wearing latex gloves
with work gloves over the latex gloves. Use a thick
towel or blanket to trap and catch the kit, Wrap it
entirely (like a burrito) with its head visible.
Depending on the procedure/pian for the animal,
you may not need to anesthetize it. If you are plan-
ning a long procedure or the animal is exiremely
difficult to restrain, use Isoflurane inhalant anesthe-
sia with oxygen (0,) via a face mask. Remember
that these animals are very young and you should
give them fluids (LRS or Normosol-R with 2 1/2%
dextrose subcutaneously) before you wake them up
from the sedation or anesthesia. For longer proce-
dures, an intravenous catheter should be placed in a
cephalic (foreleg) wvein to facilitate fluid-therapy
support.

When the animals are less than 4 1b (2 kg), they
may be caught via manual restraint and hundled in a
large towel while wearing thick work gloves. At this
point sedate vsing either Isoflurane inhalant gas
anesthesia using a facemask, with or without endo-
tracheal intubation, or injectable Telazol at approxi-
mately 1 mg/kg delivered intramuscularly, These
animals should be restrained/handled with a veteri-

narian performing the immobilization o supervis-
ing a trained staff member during the procedure.
Immobilizations without a veterinarian Present
should only be undertaken only in an emergency sit-
uatiort.

With smaller animals weighing 3-4 Ib (1.4-2 kg),
the sedatives may be delivered via a hand injection,
Once the foxes increase in size, the drugs are deliv-
ered (1) by comering and restraining the animal
with a rabies catch pole or a net and injecting them
(as outlined above), (2) by trapping them in a crate
and injecting. or (3) via pole dart or dart gun. Once
immobilized the animal should be supported with
0, or a gas inhalant agent combined with O, via
facemask or endotracheal tube. Intubation and anes-
thetic support will depend on the procedure(s) being
performed and length of time necessary for the ani-
mal to be immobilized (Convy 2001).

FORMULAS: REHABILITATION DIET

We have had good results with the following reha-
biliation diets (Convy 2001).

Infant Formula: Use dilute Esbilac (PetAg),
which may be purchased from feed stores, high-end
pet food stores. many veterinary hospitals, or emer-
gency clinics,

Mix one pant Esbilac and two parts water.
Gradually increase the strength of 1he formula by
thirds from the rehydrating solution {Pedialyte or
LRS3) to formula until they are three to four weeks
old.

Start with rehydrating solution orally—LRS or
Pedialyte (Ross).

Day [: full rehydrating solution

Day 2: 2/3 rehydrating solution, 1/3 formula

Day 3: 1/3 rehydrating solution. 2/3 formula

Day 4: 100% formula (1 part Esbilac : 2 parts
water).

FORMULAS: WEANING DIET

At three weeks, follow the weaning diet: Add
soaked high-quality puppy chow to dish of formula
(see above) for four to eight weeks. Once they are
eating the dish formula, decrease the amount of for-
mula until only soaked puppy chow remains. Then
add some hard puppy chow along with fruits, feline
diet, and any small dead prey animals except opos-
sum. Add miscellaneous items sparingly to
decrease chances of diarrhea. As soon as 1he pup is
four to six weeks old, introduce small live prey
such as mice.
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NURSING TECHNIQUE

Feed via a baby bottle with a premature-sized
human baby nipple with the kit in a sternal position
(Convy 2001). The kits will lap food/formula from
a dish as soon as their eyes open although you may
have 1o point them in the right direction. After each
feeding, stimulate kits to defecate/urinate by gently
rubbing their anal area with a warm water-soaked
towel during the time their eyes are still closed. This
may be discontinued once they start to urinate and
defecate on their own. Minimize human contact as
they are easily humanized. Once they can be moved
to an outside cage, place food into the enclosure
with limited human contact by using visual blinds
or guillotine doors, a self-feeder for puppy food,
and PVC pipes for dead or live prey to decrease
human contact. No cne should talk within hearing
distance of the animals during the time the animals
are being rehabilitated (Convy 2001).

TUBE FEEDING

This procedure should be reserved for debilitated
animals that are not eating (Convy 2001). Although
not an ideal or safe sitvation, wbe feeding may be
the only solution to providing nutrition to orphans
and have them strong enough to begin suckling/
feeding on their own.

Equipment

The following items should be available for tube
feeding:

Red rubber catheter {Kendall Sovereign Feeding
Tube and Urethral Catheter)

Lubricant (KY Jelly)

Light source (flashlight or ophthalmoscope)

Syringe (3, 6, or 12 m])

Joint to attach the syringe to the red rubber
catheter (Christmas Tree Cennector or Barbed
Connector: Barbed Connector is distributed by
Jorgenson Laboratories).

Formula as described abave

Tube feeding requires one to two people, one 10
restrain the fox and one to pass the red rubber
catheter and gently deliver the formula into the
catheter. Make the length of the catheter (feeding
tube) equal to the distance from the tip of the nose 10
the last rib, Mark this length on the tube with an
indelible marker. This is how far the tube will need 1o
be passed to reach the stomach. The catheter should

pass easily into the stomach. If the tbe stops short of
the mark you made, do not force it; it could be down
the trachea. Use the light source to double check and
visualize the glotis/trachea. Another method to
check that the tube is in the stomach, and not the tra-
chea, is 1o palpate the neck. You should feel two firm,
tbular structures, one is the trachea and the other is
the tubc within the esophagus. If you do not palpate
two tubes or cannot visualize the glottis, then remove
the feeding tube, visvalize the trachea, and reinsert
the tube. Be sure to once again check that the red rub-
ber catheter is properly placed. Once the formula has
been delivered. kink the tube and gently remove it,
Be very careful to check thai the tube has been
passed into the stomach and not the trachea (leading
to the lungs}. If tubed improperly (into the trachea),
the animal will dic very quickly as a result of hay-
ing its lungs flooded with fluid causing drowning.
Only trained personnel should do this procedure.
See Table 22.1 for a red and gray fox feeding guide.

HOUSING

These guidelines will help you to create optimal
housing for your animals (Convy 2001). Whenever
possible, house kits with conspecifics {other mem-
bers of the same species),

Housing by Age and Development Stage

Newborn: Place in neonatal incubator if they are
hypothermic, otherwise house in a small airline
kennel lined with newspaper and towels, at 83°F
(29.4°C), with 60-70% humidity, When the Kits are
very small, place them in a towel-lined cardboard
box inside of the kennel. Kits will cry when
orphaned at a very young age and just need to be
ignored. Place a swffed animal in with them for
comfort. Place a heating pad (a recirculating hot-
waler blanket is best) with a towel between the heat-
ing pad or blanket and the kennel. Keep the heating
pad on the lowest setting with only half of the ken-
nel over the heating pad. This allows the animal to
move away from the heat source if it gets t00 warm
in one spot. When their eyes are still closed do not
give them any water in the enclosure. House kit(s)
in an isolated area for decreased human contact.

Age 14+ days: Once kit(s) can walk fairly well,
remove the heating pad and house them in a medi-
um-sized airline kennel,

Age 3-4 weeks: Move kits into an enclosed out-
door exhibit with a large airline kennel or a large
enclosed tuh,
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Table 22.1. Red /Gray Fox Feeding Guide

Weight (grams) Amount per feed (cc) Number of feedings per day
100 50 8 (night feeds)
150 7.5 7 (night feeds)
200 10,0 7 (night feeds)
250 12.5 6
300 15.0 6
350 17.5 i}

400 20.0 6
450 225 5
500 25.0 5
550 215 5
600 30.0 5
650 325 5
700 350 5
750 375 5
800 40.0 5
850 425 5
900 45.0 5
050 475 4
1000 50.0 4

Source: Hanes (1991).

Age 6-8 weeks: Move kit(s) 1o a large fully enclosed
outdoor pen once completely weaned. Provide an abun-
dance of foliage and logs for privacy aleng with aitline
kennel(s) for hiding spots. Place water in a shallow pan
with rocks so that kit(s) do not drown,

Age 8+ weeks: Same housing as 6-8-week-olds,
except you may introduce a baby pool for water when
they are 12 weeks old. Also use a self-feeder for puppy
food and PYC pipes with plugs for introducing dead or
live prey in order to decrease human contact/visualiza-
tion. In addition provide shelving or stacked crates to
offer high spots for foxes to lie on and jump up ta.

A concrete enclosure/run enclosed on all six sides
(preferably a combination of concrete with chain link,
with a concrete floor partially lined with clean dirt at
least 6-8 in deep for digging) with airline kennels and
plenty of towels and blankets to provide warmth and
a “denlike” environment is necessary for the kits after
they are 8 weeks old. This space should be free from
direct drafts and inclement weather conditions unil
the kits are much older (three months). Provide an
external heat source if the animal is young. weak, or
not thermoregulating well.

Under no circumstances should the animal be
exposed to of raised with any species other than
foxes. Degs and other domestic species are not

appropriate companions, and should not be intro-
duced 1o the fox. The animals should not be exposed
to excessive human contact and care, especially if
they are to be released back into a natural habitat,

Ags the kits grow and age, the aifline kennels may be
removed, and the animal can be placed in a fully
enclosed outdoor pen that allows natural light/sunlight
toenter the space. Various cage furntishings such as logs
can be added for climbing (be sure they can’t hunt
themselves if they fall off), small pools of water for
play, and culverts (large steel cylinders, both ends
open) to simulate den structures. Indestructible toys
that can be properly sterilized (ie., boomer balls, bowl-
ing balls, etc.), may be added us the animal matures.
Trapdoor systems to provide food and water from the
outside should be included in the enclosure design.

If possible, assign two enclosures to the animals
so that they can be shifted to facilitate cleaning and
food placement without visualizing humans. It is
important that the animal does not associate people
with food. Access to the fox area should be limited
to essential staff only for daily care. No talking in
the area should be permitted.

Be sure to have padlocks on the doors to the
enclosure, Enclosures should have double door sys-
temns and if possible a perimeter fence around them.
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RESTRAINT OF OLDER PUPS

In restraining foxes, do not scruff because they are
able to tum their mouth around to bite you while
you are holding their loose skin (Convy 2001). A
fox can be confined easily by herding it into an air-
line kennel within a larger enclosure. If that does
not work, you can either use & pet or make use of a
rabies conirol pole lo restrain the fox in a large
enclosure. When using a rabies pole, ensure the loop
of the pole is around the neck and one foreleg when
you tighten the noose. As they mature you may need
1o cover the animal's head with a large towel or
blanket when attempting to restrain it. Wear leather
gloves while working to restrain the animal. Slowly
bring cne hand up the animal’s back and grasp the
fox around the back of its neck while also holding
the tail. Remove the net or control pole from the ani-
mal. While you have a firm hold on the animal’s
neck, wse your knee to hold the torso down. Have a
second handler muzzle the fox. Then grasp the neck
with one hand and support the body with the other
hand while moving the animal, holding the animal's
body under your arm for leverage. Do not position
the fox’s legs toward your abdomen, as it can kick
at you and get free of Your hold. To restrain a fox
already in an airline kennel, turn the kennel up on
ewd with the door facing the ceiling. Slowly open
the door and place a towel over the fox's head. With
a ploved hand reach in and pin the animal to the bot-
tom corner of the crate while you locaie the back of
the animal's neck and grasp it. Use two hands to
hold the neck and lift the fox from the crate. try to
support the body with your arms, or have a second
person support the torso. Muzzle the fox and con-
tinue your procedure (Convy 2001).

IMMUNE STATUS AND SPECIAL NEEDS

In the wild, kits should nurse from the dam until five
to six weeks old when they begin to take in some
solid foods. Ideally they would have had colostrum
within 24 hours of their birth, which should provide
them with maternal antibodies for immunity until
their own mmune systems are mature.
Unfortunately it is difficult to know if kits have had
this first milk when they initially present.

A kit that is unthrifty. or just doesn't seem right,
may not have had colosirum as a neonate or its moth-
er may have had a weakened immune system and was
not been able 10 pass appropriate antibodies to the
kits. If a kit has had colostruzm. it should do well with
supportive care appropriate for its age. If you suspect

a kit did not receive appropriate colostrum, keep it
warmp, away from all other animals (except its own
littermates), and ensure it is nursingfeating well
enough for its age. Such kits may require supplemen-
tal fluids (66 ml/kg/day divided in two to three daily
doses), additional feedings, and judicious use of
broad-spectrum antibiotics (i.e., amoxicillin, 10
mg/kg PO BID for 7-10 days). Be aware that these
kits have a high morality. ’

Vaccination Protocols

All vaccines may be purchased from your local vet-
erinary drug distributor (Convy 2001). If you do not
have a local contact, call your local veterinarian and
get the information from him or her.

Nore: Vaccination protocols apply only to the red
Jox species. Do not vaccinate any gray foxes with
this vaccine,

Red foxes can be inoculated against distemper
wsing modified-live virus (MLV) canine distemper
vaccine. Use of MLV vaccines in gray foxes is con-
traindicated. Gray foxes are more likely 1o develop
clinical distemper if a modified-live vaccine is used,
and the efficacy of killed-virus vaccines in wildlife
species is not well documented (White 1983).

Begin vaccines at 6 weeks and continue vaccinat-
ing every 3-4 weeks until the animal is 20-24
weeks old. Give booster yearly.

COMMON MEDICAL PROBLEMS
Parasites
Endoparasites

Fecal analysis will determine therapy. A fecal exam-
ination by direct smear and a float 10 determine
worm infestation is part of a normal workup. The
direct smear may be stained with lugol (iodine)
stain for identifying giardia. If giardia is suspected
and not seen on direct float, a fecal sample may
need 10 be submitted to a veterinary diagnostic lab-
oratory for analysis. Roundworms are treated with
fenbendazole (Panacur, 50 mg/kg orally once a day
for three days and repeated in two weeks for anoth-
er three-day course). Coceidia are treated with sul-
fadimethoxine (Albon [Pfizer]} at an initial dose of
55 mg/kg once, then at a dose of 27 mg/kg once a
day for ten days. Giardia is treated with metronida-
zole (Flagyl) at a dose of 15 mg/kg once a day for
five 10 seven days. If tapeworms are noted. give a
dose of praziguantel (Droncit [Bayer]) based on
current weight and recommended dose on the boitle
of the drug (Bowman 1999; Plumb 1998).
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Ectoparasites

Fleas. when seen, are treated at this facility with
diluted Permecirin 11 (Boehringer Ingelheim).
Dilute it by using 3.5 ml Permectrin II to 1500 ml
water.

Ticks can be found on debilitated animals and
should be removed using a hemostat clamp while
animal*is sedated (or can be sedated safely). The
animal may need to be dipped with a veterinary-
approved tick dip to eiiminate all ticks (Bowman
1999).

If the animal has an adverse reaction {respiratory
distress, bluish gums) to any of these products,
immediately bathe the animal and remove the flea
product. With animals that react to a product, use a
flea comb to remove fleas.

Ringworm is uncommon in kits under eight
weeks of age. but it is contagious to humans.
Always wear gloves when handling/treating an ani-
mal suspected of having ringworm. It is a fungal
disease and the lesions are characterized by a red-
dish ringed worm appearance on the skin in an area
of alopecia. Diagnosis is by clinical signs and doing
a DTM (dermatophyte type medium) culiure, which
can be obtained from a local veterinary diagnestic
laboratory. Consult a veterinarian for treatment.
Griseofulvin ultramicrosize has been used success-
fully at an oral daily dose of 5-10 mg/kg for a min-
imum of three weeks (Bowman 1999; Plumb 1998).

Sarcoptic mange is caused by sarcoptes mites,
small arthropods visible by microscope. This dis-
ease is not uncommon in foxes, but kits under eight
weeks of age with sarcoptic mange are generally so
debilitated they rarely survive. Clinical signs are
diffuse alopecia +/- patchiness of the fur. Diagnosis
is accomplished by having your veterinarian do a
skin scraping. Treatment is with ivermectin injec-
tions (0.300 mg/kg SQ) repeated every 14 days, It
may take up to five treatments to resolve. Discuss
dosages with a veteriparian if you have any ques-
tions {Bowman 1999; Plumb 1998).

Demodectic mange is caused by a mite in primar-
ily immunodeficient animals. Clinical presentation
may be focal or diffuse and is seen as areas of alope-
cia with crusty scabs. Diagnosis is by skin scraping
and viewing under the microscope. The mites
appear like small cigar-shaped creatures with eight
waving arms. Treatment is with Goodwinol topical
ointment or dips with amitraz (Mitaban, Pharmacia
& Upjohn, Kalamazoo, MI). Ivermectin injections
may also be used in the treatment (see dose men-
tioned above). Diffuse derodecosis is difficult to

treat, and if incurable may lead to euthanizing the
animal {Bowman 1999; Plumb 1998).

Infectious Diseases
Canine Distemper Virus

Canine distemper virus is a paramyxovirus, It is
transmitted via aerosolization (respiratory secre-
tions) and invades epithelial cells, entering via the
respiratory tract. This is a very serious disease, gen-
erally with a grave prognosis. Young, unvaccinated
animals between three to six months old are most
susceptible and affected. The “virus can be excreted
for 60-90 days.” It is susceptible to most veterinary
disinfectants (Ettinger and Feldman 1995; Greene
1998),

CDV causes a variety of climical signs including
weakness, lethargy, inappetence, diarrhea, respira-
tory signs, mucopurulent oculonasal discharge,
hypetkeratosis of the foot pads, and, as the disease
progresses, neurological signs with characteristic
retinal abnormalities in the eye. Initial nonspecific
clinical signs begin two to four days postinfection
with more severe signs occurting within a week. If
you suspect the kit has distemper, it should be iso-
lated and evaluated by a veterinarian for diagnosis
and treatment. Treatment is often unrewarding and
recovered animals may shed the virus, thereby
infecting other animals. Usually, animals diagnosed
with canine distemper are humanely euthanized
(Convy 2001; Ettinger and Feldman 1995; Greene
1998; Morgan 1992).

Towels, blankets, kennels, food bowls., enclo-
sures, tays, or ather items should be completely dis-
infected before being used for any other animal.
Allow the enclosure/kenne! space to air out for
48-72 hours before putting another animal into the
enclosure (Greene 1998),

Prevention is vaccination.
Vaccination Protocols above,

See schedule under

Parvovirus (Canine Viral Enteritis)

Parvovirus is a DNA virus that “requires rapidly
dividing cells for replications” {Greene 1998). The
Virus is quite resistant in the environment and is
spread from contact with feces or oronasal secretions
of infected animals. The virus will also aitack lym-
phold tissue causing decrease of white blood cells.
Clinical signs include severe lethargy, foul smelling
hemorrhagic diarrhea, and vomiting. The clinical
signs have a rapid onset and the animals can fail
quickly. The myocardium of the heart may also be
affected causing cardiac disease. Depending on the
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level of cardiac involvement, the kit may die sudden-
ly from this virus. Kits exhibiting any of these signs
should be treated by a veterinarian (Ewinger and
Feldman 1995: Greene 1998; Morgan 1992).

Diagnosis is via a canine parvovirus CITE snap
test using a fecal sample. The test is specific and
sensitive for this virus. The test is available through
most veterinary drug distributors. If an animal is
positive on the CITE test, isolate the animal from
other carnivores in a warm temperature-controlled
room and consult with a smali-animal veterinarian
to establish a treatment plan and assess the animal
periodically (Ettinger and Feldman 1995).

Animals can be treated successfully if therapy is
started early in the disease process or as soon as the
diagnosis is confirmed. If the animal improves and
recovers, it shouid be isolated from other foxes as
well as carnivores for at least two weeks. The kit
will continue to shed the virus for that amount of
time and can transmit the virus to other vuinerable
animals (Ettinger and Feldman 1995).

All towels, blankets, kennels, food bowls, enclo-
sures, toys, or other items should be completely dis-
infected before being used for any other animal.
Allow the enclosure/kennel space 1o air cut for
4872 hours before putting another animal into the
enclosure.

Prevention is vaccination. See schedule wnder
Vaccination Protocols above.

Rabies Virus

Rabies is an RNA virus that is easily killed by a
variety of disinfectants used in animat and veteri-
nary facilities (Ettinger and Feldman 1995; Greene
1998). This virus is transmitied via saliva from bite
wounds of infected animals. The virus affects the
central nervous system (CNS) and causes aberrant
neurological behavior usually exhibited as severe
aggression.

If rabies is suspected, the animal is euthanized and
the head submitted to a special lab for rabies testing.
If rabies is suspected and the animal bites someone,
it should be immediately humanely euthanized and
the head submitted for special lab testing (Ettinger
and Feldman 1995: Greene [998). If someone was
bitten or in contact with the animal’s saliva. the per-
son should see a physician immediately and begin
prophylactic shots for exposure. This is a fatal disease
if not 1weated immediately once someone has been
exposed. Your local public health office should be
informed immediately if you suspect an animal is
rabid and you plan to euthanize it.

All staff members at a facility that accepts mam-
mals to raise and/or release should have prophylac-
tic rabies vaccinations done per instructions from
your local public health office.

Rabies virus lives in wild mammal populations
throughout the United States (except in Hawaii).
There are different wildlife reservoirs of the virus in
different areas of the United States. Raccoons,
skunks, foxes, dogs, and bats (migratory) are the
primary wild and domestic animals that carry rabies
in this country. A level of enzootic infection is main-
tained in various wild animal populations, Problems
arise in an area when an epizootic or epidemic
occurs in an area. When this occurs, it's possible to
see an increase in the carnivores presenting (o
wildlife centers (Greene 1998).

While most of the young neonates that you may
see will not have rabies, there is a chance a juvenile
fox that is positive for rabies may present to your
facility and may have signs of a rabid animal. There
are two forms of rabies: the furious form. with
which most peopie are familiar, and the dumb/para-
Iytic form that seems to allude many individuals,
including many practitioners. Clinical signs of the
furious form are change in demeanor/personality.
excessive licking of the bite wound site, and anxiety,
which lasts for approximately a week. Animals
exhibit a fear of water because they cannot swallow
and therefore cannot drink. They drool excessively
for the same reason. The paralytic form is seen asa
lower motor neuron paralysis from the site of the
bite and progresses along the nerve until it reaches
the CNS and lasts about two 1o four days. Animals
occasionally exhibit choking during this phase, but
it is actually a paralysis of the laryngeai nerves. Do
not place your hand in the animal’s mouth without
protective gloves if you attempt to relieve a choking
situation {Greene 1998).

For safety purposes, any towets, blankets, toys. or
other items should be disinfected and thrown away.
Kennels and food bowls should be completely dis-
infected before being used for any other animal.
Allow the enclosure/kennel space o air out for at
least 48 hours before putting another animal into the
enclosure.

Diarrhea

Diarrhea is defined as “an increase in the frequency,
fluidity, or volume of feces” (Ettinger and Feidman
1995). Diarrhea can be characterized as acute or
chronic and must be differentiaied as originating in
the smail versus the large bowel. Most of our
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patients with diarrhea have the acute form, which is
caused by problems in either the small or large
bowel. Initial treatment of diarrhea, unul it can be
further characterized, is fluid therapy. diet change,
and gastrointestinal protectants (see treatment sec-
tion below). It is best to hold off on antibiotic ther-
apy initially. and attemnpt supportive care and diet
change to correct the diarrhea. Most therapies suit-
able for young domestic dogs would be appropriate
in young fox kits as well (i.e., Pepto-Bismel at 1
mi/101b [4.5 kg] orally two to three umes a day. and
cimetidine 7-10 mg/kg PO, 8Q, IV two to three
times daily) (Ettinger and Feldman 1995; Plumb
1998),

Causes: Acute diarrheas in young animals gener-
ally are caused by parasites, inappropriate formula
or feeding methods, medications, and toxins.
Chronic diarrheas may be caused by uncorrected
acute diarrhea problems and rectal anatomical
abnormalities (strictures, masses) and can be seen in
our younger patients with infections (salmonella,
clostridial), uleers {due to stress or trauma), or tox-
ins. Clipical signs include dehydration, bloated
abdomen, loose/runny stool, fever, pain on abdomi-
nal palpation with gaseous bowel loops, weight
loss, and tenesmus (Ettinger and Feldman 1995;
Morgan 1992),

Diagnostics: Fecal analysis (direct and float),
hemaoccult fecal tests, CBC, radiographs, fecal
cytelogy, and fecal cultures may be necessary to
determine the cause and characterize the type of
diarrhea (Ettinger and Feldman 1995),

Treatment: Treatment should be targeted at the
underlying cause of the diarrhea. Young and baby
animals should have diets reviewed and corrected
and be given 8Q fluids—crystalloids at appropriate
dehydration/shock/maintenance until they can be
placed on the appropriate diet and clinical signs
resolve. A veterinarian should calculate the amount
of fluids necessary to treat the fox, but approxi-
mately 60-90 ml/kg/day of erystalloids (Normosal-
R or lactated Ringer's solution) delivered via IV
catheter is teasonable. The young foxes may require
broad-spectrum systemic antibiotics (Clavamox
13.75 mg/kg PO BID for seven to ten days or
metrenidazole at 15 mg/kg PO SID for five to seven
days) if they are compromised and appear debilitat-
ed (Plumb 1998). Fecal examinations should be
done on all patients with diarrhea and appropriate
anthelminth therapy instituted (see Endoparasites
above). Fluid therapy and correction of formula are
the primary mechanisms to correct most of the acute

diarrheas we see in babies and juveniles at the
wildlife center.

Chronic diartheas are more difficult to eat.
Abdominal radiographs should be done. If parasites
and dietary problems/indiscretion have been ruled
cut and the diarrhea is persistent. the veterinarians
should reassess the patient and decide on the next
course of diagnostics and therapy. Maintaining fluid
balance and correcting for dehydration and ongoing
losses should continue in the patient (e.g., ongoing
fluid therapy 1V, PO, SQ at appropriate fluid rates)
(Ettinger and Feldman 1995).

Hypoglycemia

Young animals have higher glucose requirements
than most adults of their species (Ettinger and
Feldman 1995; Morgan 1992). The increased
requirement is important as a source of energy for
maturing metabolic functions, growth, and mainie-
nance of normal blood glucose (BG) levels. They
uujize all nutrients faster because of accelerated
growth rates at young ages. It is important to restore
and continue to meet their BG needs .

Clinical signs of hypoglycemia may be noted if
the blood glucose (BG) is less than 60 gm/dl,
Animals may appear hungry, show signs of ataxia,
or have small seizures that may escalate and lead to
loss of consciousness. Initial therapy is to quickly
apply Karo syrup to the gums and then give dex-
wose via gavage tube (orogastric tube), subcuta-
neously, or intravenously. If giving dextrose SQ,
remember to give only a concentration of 2.5% dex-
trose. In most wildiife neonatal patients, it can be
difficult to place an IV. An intraosseous catheter
may be placed by 2 veterinarian, if the animal is
severely dehydrated or hypoglycemic, in order to
deliver fluid therapy. Once a catheter is placed,
administer 5-10 ml/kg of a 20% dextrose solution,
which may be diluted from a 50% solution using a
ration of 2-ml sterile saline to 1.5 ml 50% dextrose.
Give this amount IV at a steady pace. Begin an IV
drip of LRS or Normosol-R with an appropriate
amount of dextrose added to the fluid bag to make a
2.5-10% or even up to a 20% solution of dextrose.
Remember you can only give up to a 2,5% dextrose
SQ but it is acceptable to give higher concentrations
of dextrose intravenously if warranted. Initially
recheck the BG level within the first twoe hours of
therapy (using a different vein than the one with the
catheter) and modify the amount of dextrose in the
fluids to accommodate the change in BG levels. If
the dextrose drip is not maintaining and/or increas-
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ing, or normalizing the BG level, give another bolus
of the 20% dextrose solution as outlined above.
Once the BG has been corrected and the animal is
stable, proper management with environmental cen-
trol, nutrition, and additional SQ fluid therapy can
normalize the patient. Young fox kits will generally
normalize with a minimal therapy/intervention and
maintain their BG level once placed on a well-
balanced diet. If simple intervention does not bring
them 10 a normoglycemic state, then a veterinarian
should be involved in establishing a treatment plan
(Ettinger and Feldman 1995; Morgan 1992),

Septicemia

Septicemia is a problem manifested as a systemic
infection generally carried throughout the body via
the bloodstream. Amimals may or may not be
febrile. Generally they are lethargic, weak, inappe-
tent, may have difficulty breathing, and have pale
mucous membranes. Animals will need aggressive
care and veterinary evaluation. We have not seen
this as a common problem in fox kits, but if you sus-
pect this problem be sure to have a veterinarian
evaluate the animal immediately and formulate a
treatment plan for the individual animal (Ettinger
and Feldman 1995).

Shock/Dehydration

Shock is usually a result of trauma, disease, hypo-
glycemia, or severe malnuirition in wildlife patients.
The animals present with severe hypovolemia and
possibly hypoglycemia (see Hypoglycemia above).
Animals have pale mucous membranes, glazed/
glassy appearing eyes, may be recumbent, and may
have an elevated temperature and a prolonged capil-
lary refill time. If animals present with head trauma.
they may have seizures, slip into a coma, or have
problems thermoregulating (Ettinger and Feldman
1995; Murtaugh 1994).

If you suspect your kit is in shock or severely
dehydrated, it should be treated by a veterinarian. If
a veterinmarian is not available, initiate treatment
with shock dose fluids (60-90 mi/kg of crystalloids,
Normosol-R or LRS) delivered via IV catheter if
pussible, or an intraosseous catheter (Ettinger and
Feldman 1995; Murtaugh 1994), After shock dose
fluids have been administered. fluids with 5-10%
IV dextrose may be required. However, if the ani-
mal is having seizures, IV dextrose may need to be
given in lieu of shock dose fluids until the animal
stops seizing, then shock dose fluids may be
resumed. 1t is important to get a small amount of

blopd and evaluate the animal’s blood glucose lev-
els. Intravenous antibiotics (cephalosporins, 10
mgflb [V TID) and IV short acting steroids (Solu-
Delta Cortef, 0.2-1 mg/kg IV or 1-4 mg/kg V)
should be administered (Ettinger and Feldman
1995; Plumb 1998). If the body temperature is
greater than 106°F (41.1°C) apply alcohol to the
foot pads or cold soaked towels to the animal until
you begin to see a drop in the temperature, then
remove the towels. When the animal is stable, radi-
ographs should be taken to check for possible frac-
tures, or any organ abnormalities (Ettinger and
Feldman 1995; Plumb 1998).

When administering flvids to a patient in shock,
we generally like to give half the dose quickly, mon-
itor respiratory rate and effort of the amimal, then
continue to give the remainder of the fluids via a
quick drip. Auscult the lungs regularly, and adjust
the drip rate as needed. If the lungs have moist
sounds on ausculiation, then reduce the drip rate or
discontinue fluids. Always consult a veterinarian to
help determine the level of dehydration and formu-
late a fluid-treatment plan.

If the animal is not shocky and only mildly dehy-
drated. you can rehydrate it using lactated Ringer’s
solution subcutaneously or intravenously at a dose
of 60 mlkg/day (Murtaugh 1994). If administering
the fluids §Q. you may divide the amount and give
it in two to three doses over the course of the day.

Trauma and Fractures

Animals with trauma or fractures should be weated
by a veterinarian.

Emaciation or Thin Animals

Emaciation is a condition that may be caused by
poor nutrition, death/abandonment by the dam, or
parasites (both endo and ecto). Blood and fecal sam-
ples should be taken and submitted to determine if
any underlying problems exist, and a diet appropri-
ate for the animal's age and level of emaciation
should ke initiated (Convy 2001; Ettinger and
Feldman 1993). Diet changes may need to be made
once laboratory results are finalized {e.g.. low blood
glucose may be corrected by giving 8Q or I'V dex-
trose (see Hypoglycemia above); caleium abnor-
malities should be corrected under the direction of 2
veterinarian {Morgan 1992). In rehabilitation situa-
tions, animals that present emaciated or thin may be
treated with initial supportive care (fluids SQ or IV,
+/— dextrose), and an appropriately balanced diet for
the animal.
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An emaciated animal should be given a bland diet
once Stabilized, warmed to normal body tempera-
ture, and rehydrated. The diet should be given as
small frequent meals and not large meals ali at once.
The diet can be gradually modified for the kit's spe-
cific age and weight group over a period of a couple
of days in order to give the animal’s system an
opportunity to digest and metabolize the food.

Ocular Lesions

Eye problems include comneal ulcers. fereign bod-
ies, proptosed globes, and lens luxations (all due to
trauma) and should be evaluated by a velerinarian
and possibly a veterinary ophthalmologist (Slatter
19903,

Vomiting

Vomiting in young animals may be the result of
ingesting foreign objects, from inappropriate
dietary formulation or spoiled diet, medications,
infectious agents, ulcers, heat stroke, or metabolic
abnormalities (Ettinger and Feldman 1993),

Yomitus should be inspected for blood or a coffee
ground consistency. The presence of blood or coffee
ground material would indicate a severe problem
and treatment plans should be conducted under the
direction of a vetertnarian (Ettinger and Feldman
1995).

Generally, one simple episode of vomiting can be
treated by withholding food for a short penod of
time, giving SQ fluids to the Kit, correcting the diet
{provide a bland diet that is fresh), and monitoring
for continuing signs {Ettinger and Feldman 1995). If
the animal continues to vomit, a veterinarian should
evaluate the animal and provide an additional treat-
ment plan. Exploratory surgery may be necessary to
correct the problem, especially if a foreign bedy is
causing the vomiting.

Anemia

Anemia is not a disease, it is a symptom. It is
decreased red blood cells in the blood as reflected
by measuring packed cell volume (PCV) and red
blood cells (RBC). Anemia is a complicated symp-
tom to interpret and not as straightforward as simply
reading a decreased PCV (Cotter 1993, Ettinger and
Feldman i993).

Clinical signs: Pale mucous membranes, dysp-
nea. tachycardia, and weakness may be further
complicated by epistaxis, hematuria, continued
hemorrhage, melena, and hematoemesis. Many of
these signs are directly related to the decrease in

oxygen delivery to the tissues by the resulting
decrease in RBC (Cotter 1993; Euinger and
Feldman 1995).

Causes: It is important to assess the underlying
condition. which causes blood loss or a decrease in
RBC and leads to anemia. Obvious factors are hem-
orrhage due Lo trauma (punctures, lacerations,
woungds, splenic fractures). Less-obvious causes are
blood toss due to parasites (Gl, orinary, pulmonaty.
cardiac, nasal heme), toxicities (rodenticide, copper,
lead), infectious diseases (distemper virus, clostridi-
al, leptospirosis), metabolic abnormalities (renal,
hepatic, endocrine). vitamin deficiencies (some can
be induced by drugs such as sulfas or poisons), and
sepsis (Cotter 1993; Ettinger and Feldman 1995),

With an anemic animal, treatiment is targeted at the
underlying cause. Most of the animals that present as
orphans, have anemias resulting from trauma, infec-
tions, parasites, toxicities, or debilitation (inappropri-
ate nutrition). These problems all require different
therapeutic plans. The goal of the therapy is to stabi-
lize the patient, provide circulatory assistance. and
enhance delivery of oxygen to the tissues pntil the
underlying cause for the amemia can be corrected
(Cotter 1993; Eutinger and Feldman 1995). Seek
immediate veterinary assistance for a treatment plan.

RELEASE

Release fox kits at dusk or later in the evening as
close as possible to the original pick-up site. Release
at about six months of age. The foxes must be able to
quickly catch and kill live prey. They should have
been tested and proven this ability while they were
being rehabilitated. They must also be able to run and
jump well, and be fearful of humans.

SOURCES OF PRODUCTS MENTIONED

Bayer Carp., Shawnee Mission, KS

Boehringer Ingetheim Animal Health, Inc,, St.
Joseph, MO 64506; 1-800-821-7467

Goodwinol Preducts Corp., Pierce, CO; 1-970-
834-1229

Jorgenson Laboratories, Inc., Loveland, CO;
1-800-525-56 14

Kendall Company, Mansfield, MA 02048;
1-800-962-9888

PetAg Inc., 261 Keyes Ave., Hampshire, 1L
60140; 1-800-323-0877, 1-800-323-6878;
www.petag.com.
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Pfizer Animal Health, Exton, PA

Ross Products Division, Abbott Laboratories,
Columbus, OH 43215-1724; 1-800-986-8510;
www.abbott.com, www.ross.com
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Black Bear Cubs
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NATURAL HISTORY

The black bear is of the order Camnivora, family
Ursidae, genus Ursus, and species americanus.

Distribution

The American biack bear (L/rsus americanus) has a
distribution from northern Mexico and California
across northem America from Washington State to the
Great Lakes, throughout Canada, and north into
Alaska, There are populations also found in
Newfoundland, Appalachia, and some areas of Florida
in the northern Guif Coast. They inhabit forests and
woodlands (Macdonald 1995; Nowak 1991}

Description/ID

American black bears have light blondish-brown to
black furcoat both dorsal and ventral (back and
abdomen). They may occur with a white “blaze” on
their chest. The snout is slightly lighter in color than
body. They have a heavy body with relatively short
legs and large curved claws on all four feet.

Reproduction

Females reach sexual maturity at four 1o five years,
males at five to six years. Breeding season is genes-
ally June to mid-July. Gestation is 220 days but thcy
have delayed implantation. Litters average one to
three cubs and sows give birth every other year in
Janvary or February. The cubs remain denned with
the sow until April 1o May when the family emerges
from hibemation. The cubs are generally three to
five months old at this time. Cubs are born in the
den weighing approximately 8-10 oz. The cubs
remain with the mother for 1 1/2 to 2 1/2 years
{Macdonald 1995; Nowak 1991).
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Habitat and Activity Period

Bears are crepuscutar and nocturnal and range in
forests and forested mountains. During fall and
early winter they gain weight, which is stored as fat
reserves. Eventually they stop eating in very cold
weather, locate a den, and hibernate. Thcy may not
hibernate if they live in warmer climates of the
southeastern United States {Macdonald 1995,
Nowak 1991).

Natural Diet and Foraging Techniques

Black bears are ommivores but generally have a her-
bivorous diet (roots, berries, nuts), supplemented with
insect protein and whatever they can find if scaveng-
ing. Seventy-five percent of their diet consists of nat-
ural vegetation: twigs, buds, leaves, nuts, acoms, grass,
roots, mebers, fruit, skunk cabbage, salmonberries, and
huckleberries, They also eat insects, small/medium-
sized mammals, fish, honeycomb, and bee larvae
{Macdonald 1995; Nowak 1991).

Denning

Black bears use a hollow log or burrow to sleep
from late fall until early spring. The duration of
hibernation inactivity varies in different parts of the
United States and may also vary with the severity of
the winter weather. Bears may not hibernate if they
live in warmer climates of the southeastern United
States. During winter sieep the bear’s body temper-
ature drops from 38°C o 31-34°C, the respiration
slows, and metabolic rate is depressed. Black bears
do not truly hibernate as they will get up every so
ofien during warm-weather spells for water and
then resume their winter sleep {(Macdenald 1995;
Nowak 1991; Wildlife Rehabilitation},
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Additional Information

These animals are solitary as adults. They have a
lumbering walk but are excellent climbers and
swimmers and can move very fast if the need arises,
They have strong claws used to tear apart logs in
search of insects (Nowak 1991),

Behavior Considerations

Both wild and captive animals have a poor sense of
sight, but their olfaciory and auditory senses are
very keen. The bear is plantigrade—it walks with
heels touching the ground. Bears should flee from
humans as soon as they see a person {even when
they are in a captive rearing/rehabilitation situa-
tion). If the bear is unafraid of humans then a behav-
ior problem may be involved and the bear should be
reassessed before release back into the wild (Nowak
1991; PAWS 2001).

RECORD KEEPING

Detailed records must be maintained as in all cap-
tive animal situations. Accurate daily recording of
attitude, weight, temperature, heart and respiratory
rate (if possible), food fed (measured}, and amount
eaten (measured). All procedures, physical exami-
nations, medications provided. or other information
must be written in the animal’s individual record
file. Case number/tag numbers should be placed on
alt sheets of the animal’s permanent record for iden-
ufication purposes.

Ape Determination

The following guidelines can be used 1o determine
age (PAWS 2001}

Newborn: 225-330 g, mostly naked with some fine
sparse, stiff hairs, blind, 6-8 in long

25 days. eyes open, short fuzzy brownish hair,
begins playing with siblings soon

3 maonths: emerges from den

6 to 8 months: weaned but usvally remains with
mother until two years of age (Nowak 1991}

! year old: 40-75 kg

Check teeth and body size o determine age, as
well as the time of year the cub presents. Deciduous
dentition is replaced between five and eight months.
Bear cubs are generally born in January and February
and leave the den in April t0 May depending on the
winter weather that year (Macdonald 1995).

INITIAL CARE AND STABILIZATION

Perform a complete physical examination either by
manual restraint or with sedation (depending on the
size of the bear). The animal should be immobilized
only if it is deemed in stable condition or poses a
threat to the professionals assessing the animal, The
fevel of restraint and sedation should be appropriate
for the sitation and procedure necessary at that
time (Fig. 23.1).

The animal’s individual situation will vary depend-
ing on its history, problems, and circumstances of

Figure 23.1. Physical examina-
tion of sedated black bear cub.




172 Hand-Rearing Wild and Domestic Mammals

capture, A young cub may be debilitated with a low
blood glucose level, or if it was suckling off of a dead
sow il may be septic. All new bear cub patients
should have the following workup.

Blood (CBC and chemistry panel) and a fecal
sample should be submitted for analysis. The vet-
erinarian shoutd be present or called in if necessary.
Check the packed celi volume (PCV), total protein,
and blood glucose (BG) in order to initiate treat-
ment for an immediate problem. If the BG is low,
less than 80 g/dl. give subcutaneous Or intravenous
fluids (lactated Ringer's solution [LRS] or
Normoso!-R with a 2-1/2% dextrose solution SQ or
higher percentage dextrose if given IV). Prepare
blood slide smears for review by the vetennarian.
Prepare equipment for IV catheter placement, fluid
therapy, skin scraping. and possibly X rays. Be sure
10 provide the animal with heat, fluids, and appro-
priate medications based on physical examination
findings.

FORMULAS: REHABILITATION DIET

We have had good results with the following reha-
bilitation diet.

Infant Formula: Use dilute Esbilac (PetAg) or
any canine puppy formula, which may be purchased
from feed stores, high-end pet food stores, many
veterinary hospitals, or emergency clinics.

Mix one part powdered Esbilac (by volume) with
two parts water. Gradually increase the strength of
the formula by thirds from rehydrating solution to
formula and then feed the formula until they are
three to four weeks old.

Start with oral rehydrating solution {lactated
Ringer's solution or Pedialyte)

Day [: full rehydrating solution

Day 2: 2/3 rehydrating solution, 1/3 formula

Day 3: 1/3 rehydrating solution, 2/3 formula

Day 4: 100% formula (one part Esbilac powder to
two parts water)

FORMULAS: WEANING DIET

The following bear mush recipe is good for wean-
ing.

Bear mush recipe: Mix together 1/2 cup ground
puppy chow, 1/2 cup baby cereal, 1 tablespoon
powdered Esbilac or other puppy formula. Be con-
sistent with the brand and type of puppy formula to
decrease problems with diarrhea and indigestion.
Add 1 cup warm walter 0 make it oatmeal consis-
tency. Finally add 3 tablespoons cotlage cheese and
mix together.

NURSING TECHNIQUE

¥f cubs’ eves are still closed, feed formula via a baby
bottle with a premature-sized human nipple. If the
cubs eyes are open, dish feed the formula. You may
need to direct them to the dish and sometimes hold
them still while they are very young until they focus
on eating from the dish.

Once they catch on to feeding from a dish, then
leave the enclosure while they eat to minimize
human contact. Once they eat directly from the dish,
give them their diet without the cubs visualizing you.
To do this, separate them into an adjacent enclosure.
clean the enclosure, place the food, leave, then allow
the bears hack into the original enclosure. If you have
two cages/enclosures to use, place the food into the
clean cage, move bears into the clean space, allow
them to eat, then go in and clean the other exhibit
once they have eaten. It is very important to minimize
the association of humans and food Lo the bears, espe-
cially if there are plans to release the bear back into
the wild (PAWS 2001).

AMOUNTS TO FEED

In order to figure out how much a bear cub should
eat per day, it is first necessary to figure out how
many kilocalories the cub requires per day and
adjust that to the cub’s stomach capacity. These cal-
culations will determine the number of feeds and
amounts per feeding required.

Daily caloric needs may be calculated as well as
the exact volume the animal needs per day (PAWS
2001).

A. Mammals need 2-3 X Basal Metabolic Rate
{BMR}.
1. BMR = (K) X (body weight in kg)* "
{(a) Placental mammals: K =70
(b} Use a calculator with a ¥* function
B. Beware of overfeeding.
1. A guideline is to feed 10% of the bear’s
Body Weight (BW) per day divided into two
1o six feedings per day depending on age,
(a) 1.5 oz/lb BW
(b) 100 mi/ky BW
C. Observe the stomach and don’t overfill.

Weigh the cub(s) datly while you're getting them
started on their new formula/diet. Use recorded
daily weights to ealculate new formula amounts.
Feeding Guide

The following feeding guide has been successful for
us (PAWS 2001):
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Newborn to 4 weeks: Feed infant formula every
four heurs around the clock {six times a day).

4 to 8 weeks. Feed infant formula five times a day.
When cub has been lapping formula from dish
well for three to four days, then add baby cereal
(Gerber baby cereal) 1o formula,

8 10 10 weeks: Gradually add bear mush to formu-
la. Continue to feed five times daily.

10 o 12 weeks: Feed formula and bear mush
mixed togeiher. Feed four times per day. Dish
feed, gradually increase ground puppy chow,
and decrease the formula. Add no more than
10% fruit to mush,

{2 to0 14 wecks: Eliminate infant forrnula; should
be on 100% bear mush/spaked puppy chow,
Feed three times per day.

14 1o 18 weeks: Require two to three feedings per
day if the cub is weaning onto the bear
mush/scaked puppy chow well. Include some
fruits and natural vegetation. Dry puppy chow
should be introduced and they ought to be eating
it well at this point.

18 10 20 weeks: Should be completely weaned and
eating dry puppy chow, fruit, and vegetables.
Once ithey are consistently eating this diet they
may be fed once a day until release.

HOUSING

A concrete enclosure/run enclosed on all six sides
(preferably a combination of concrete with chain-
link fence, with a concrete floor) with airline ken-
nels and plenty of towels and blankets to provide
warmth and a “deniike” environment is nccessary.
This space should be free from dircet drafts and
inclement weather conditions until the cubs arc
much older (eight months). Provide an external heat
source if the animal is young, weak, or not ther-
moregulating well (Fowler 1978).

If a lone cub presents to a facility, atternpts should
be made to raise it with conspecifics (members of
the same species) of similar size, age, and develop-
ment once the animal is stable. If animals vary a bit
by age and weight, they may be introduced slowly
to one another, but if the larger animal is too aggres-
sive and rough the situation may not work out
{Fowler 1978}. Appropriate pairing of animals may
require sending the animal elsewhere (10 an
approved facility) in order that it may be raised in a
more natural situation. Under no circumstances
should the animal be exposed to or raised with any
species other than black bears. Dogs, deer, small
ruminants, or any other species is not acceptable.
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The bear(s} should not be exposed to excessive
human contact and care, especially if they are to be
released back into a natural habirat.

As the cubs grow and age the airline kennels may
be removed, logs can be added for climbing (be sure
they can’t hurt themselves if they fall oft) along
with small pools of water for swimming and play-
ing. Culverts {large steel cylinders, both ends open
that can fit a growing hear) may be used to simufate
den structures, Indestructible toys, which can be
properly sterilized, such as boomer balls or bowling
balls, can be added to the enclosure as the cubs
mature. Whole watermelons and apples tossed into
pools make fabulous playthings. As the animals age
it is also good to hide mcalworms, grubs, raisins,
and berries in crevices in the logs (feel free (o be
creative in this area). This stimulates foraging
behavior and self-sufficiency, and decreases bore-
dom for the animals.

It is necessary to have two enclosures assigned o
the bears so that they can be moved to facilitate
cleaning and food placement without visualizing
humans. Access to the bear area should be limited to
essential staff only for essential tasks. No talking in
the area should be permitted at any time. Panic but-
tons or buzzers should be accessible to caretakers
for emergency situations.

Be sure to have padlocks and secondary security
clips on the doors of the enclosure. Enclosures
should also have perimeter fencing around themn in
case bears escape the primary enclosure.

RESTRAINT AND HANDLING

Always wear gloves when handling any carnivores
as a4 precaution against Bavlisascaris sp. parasite
worm, ringworm, and other diseases.

Young cubs under 16 b (7.2 kg) may be handled
by wearing work gloves over latex gloves. If cubs
are very young. ill, or nonaggressive, latex gloves
worn without the protective work gloves will be
sufficient, Use a thick towel or blanket to trap and
catch the cubs. Wrap them so they appear to be a
burrito with their heads visible. Depending on the
procedure/plan for the animais, you may not need to
anesthetize them, It you are planping a long proce-
dure, or the animal is extremely difficult to restrain,
use Isoflurane inhalant anesthesia with oxygen (Q,)
via a facemask, These animals are very young and
should be given fluids {LRS or Normescl-R with 2
1/2% dextrose 5Q) if sedated. Give 10 mi/kg IV for
each hour of anesthesia or procedure time. The dex-
trose is recommended because of the glucose
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requirement of young animals, For longer proce-
dures, an intravenous catheter should be placed in a
cephalic (arm} vein o facilitate fluid therapy sup-
port.

Once cubs are approximately 16 1b (7.3 kg), they
may be caught via manual restraint and bundled in
a large towel. Wear thick work gloves over protec-
tive latex gloves when handling cubs this size. At
this point sedate the cub vsing either Isoflurane
inhalant gas anesthesia using a facemask, with or
without endotracheal intubation, or injectable
Telazol al approximately 24 mg/kg delivered intra-
muscularly. Use a lower dose for thin or young ani-
mals and a higher dose for more well-muscled older
bear cubs. These animals should be restrained/han-
dled with a veterinarian present performing the
immobilizing, or supervising a trained staff member
during the procedure. Immobilizing the cub without
a veterinarian present should only be vndertaken in
an emergency situation by trained technicians, and
preferably with a veterinarian on the way to assist in
the sitvation.

With smaller bear cubs, 16-25 b (7.3-11.4 kp),
the sedatives may be delivered via a hand injection,
For larger cubs, the drugs are delivered by cornering
and restraining the animal with a rabies caich pole
and injecting it, trapping it in a crate and injecting
through the grates of a kennel, or via pole syringe or
dart gun. Once immobilized, the animal should be
supporied with oxygen or a gas inhalant agent com-
bined with oxygen via facemask ot an endotracheal
tube. Intubation and anesthetic support will depend
on the precedure(s) being performed, length of time
necessary for the anima! to be immobilized, and
trained staff available to intubate the animal. If the
animal has been immobilized with a remote dart,
give it an injection of broad-spectrum antibiotics
(penicillin or cephalosporin at 10 mg/kg SQ).

IMMUNE STATUS AND SPECIAL NEEDS

In the wild. most cubs are three to five months old
when they emerge from the den. They will have hag
colostrum from the dam and have been suckling for
a few months until the time they are gut of the den.
Wild cubs that require hand rearing have generally
lost their mom either from an accident or separation.
They should have a complete physical examination,
a treatment plan, and appropriate food and shelier.
(For further information, see Chapter 24, Polar
Bears, regarding raising younger bear cubs.}

COMMON MEDICAL PROBLEMS
Endoparasites

Fecal analysis will determine therapy. A fecal float
to determine roundworm or ¢occidia infestation is
part of a normal workup as well as a lugol (iodine)
stain for identifying giardia. Roundworms are treat-
ed with fenbendazole (Panacur Suspension. 10%
[Hoechst]y 50 mg/kg SID X 3-5 days, repeat in
1014 days. Coccidia are treated with sulfadi-
methoxine oral suspension (Albon, 50 mg/ml
iRoche]) S0 mg/kg SID X one dose, then 25 mg/kg
SID X 7-10 days. Giardia is treated with Flagyl at
a dose of 15 mg/kg once a day for 5-7 days
(Bowman 1999; Piamb 1998).

Ectoparasites: Ringworm (dermatophytes),
Mange

Ringworm is contagious to humans. It 18 a fungal
disease and the lesions are characterized by a red-
dish ringed worm appearance on the skin in an area
of alopecia (hair loss), Diagnosis is by clinical signs
and doing a DTM/fungal culture. Treatment is with
oral griseofulvin (Fulvicin [Schering]) microsize,
10 mg/kg PO BID for 4—6 weeks or for a minimum
of 21 days with treatment of one 1o two weeks after
resofution of clinical signs, and dips {spot or full
bath} with lyme sulfur solutions. Griseofulvin may
cause low white blood cell counts and other side
effects, so a CBC should be done every two to three
weeks on animals taking this medication or if any
adverse clinical signs are seen. Again, this type of
ireatment shouid be done under veterinary guidance
(Bowman 1999; Plumb 1998) (Fig. 23.2).

Sarcoptic mange is caused by sarcoptes mites,
which are small arthropods visible by microscope.
Clinical signs are diffuse alopecia +/— patchiness of
the fur. Diagnosis is done by skin scraping. The
mites are visible under 4X or 10X power on the
microscope. Treatment is with ivermectin injec-
tions. Discuss treatment plan and doses with the vet-
erinarian. Generally, one subcutaneous injection of
ivermectin at .300 mg/kg can be given with a fol-
low-up dose given thrce weeks later (Bowman
1999; Plumb 1998),

Demodectic mange is caused by a mite in primar-
ily immunodeficient animals. Clinical presentation
may be focal or diffuse and is seen as areas of alope-
cia with crusty scabs. Diagnosis is by skin scraping
and viewing under the microscope. The mites look
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Figure 23.2. Lyme sulfur dip for bear cub
with ringworm.,

like small cigar-shaped creatures with eight waving
arms. Treatment is with Gooedwinel applied to small
focal lesions, or dips with amitraz for generalized
lesions. Tvermectin injections may also be used in
the treatment as outlined for sarcoptic mange above.
Diffuse demodecosis is difficult to trea and if ineur-
able may lead to euthanizing the animal (Bowman
1999; Plumb 1998).

Ticks can be found in debilitated animals and
should be removed using a hemostat clamp while
the animal is sedated. Generally a very small num-
ber of ticks may live on the animal but they shouid
not be present in overwhelming numbers. If that is
the case, they are a result of the animal being debil-
itated. The animal may need to be dipped to elimi-
nate all ticks (Bowmnan 1999),

Fleas may be present and if they are in large
enough numbers a light flea bath may be used to
treat them. Using a Vet-Kem flea powder, lightly

distribute the powder on a towel, and rub the towel
over the bear, staying away from face/eyes.

Trauma

Trauma in young bears is caused primarily by cars,
gunshot, or attack by other animals. Head travma
can lead to neurological signs, including seizures,
tremors, inability to therroregulate, or other prob-
lerns, such as trauma to the eyes, epistaxis (bleeding
from the nose), aural (ear) bleeding, fractured
jaw/tibs, and broken teeth (Ettinger and Feldman
1995). Treatinent for trauma includes a thorough
physical examination (if animal is stable), or thera-
py for shock as outlined below (fluids, steroids,
heat, +/— antibiotics). If a fracture is detected or sus-
pected, radiographs should be taken, only if the ani-
mal is stable. Stabilization of the fracture should be
performed by a trained individual until further vet-
erinary care is available.

Check the mouth for any tooth or jaw fractures.
Also palpate the ribs and other bones for any abnor-
malities. If any fractures are evident or suspected,
radiographs should be taken and reviewed by a vet-
erinarian for appropriale treatment plan,

Anemia

Anemia is not a disease, it is a Symptom. It is
decreased red blood cells in the blood as reflected
by measuring packed cell volume (PCV) and red
bicod cells (RBC). Anemia is a complicated symp-
tom to interpret and not as straightforward as simply
reading a decreased PCV (Cotter 1993; Ettinger and
Feldman 1995).

Clinical signs include: pale mucous membranes,
dyspnea, tachycardia, and weakness, and may be
further complicated by epistaxis, hematuria, contin-
ued hemorrhage, melena, and hematoemesis. Many
of these signs are directly related to the decrease in
oxygen delivery to the tissues by the resulting
decrease in RBC (Cotter 1993; Ettinger and
Feldman 1995).

It is important to assess the wnderlying condition
that causes blood loss or a decrease in RBC and
leads to anemia. Obvious factors are hemorrhage
due to trauma (punctures, lacerations, wounds,
splenic fractures). Less-obvious causes are blood
loss due to parasites (Gl, vrinary, pulmonary, cat-
diac, nasal heme), toxicities (rodenticide, copper,
lead), infectious diseases (clostridial, leptospirosis),
metabolic abnormalities (renal, hepatic, endocrine),
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vitamin deficiencies (Some can be induced by drugs
such as sulfas or poisons). and sepsis (Coiter 1993;
Ettinger and Feldman 1995).

With an anemic animal. treatment is targeted at
the underlying cause. Most of the animals that pre-
sent as orphans have anemias resulting from trau-
ma. infections, parasites, toxicities, or debilitation
(inappropriate nutrition). These problems all
require different therapeutic plans. Travma, debili-
tation, and infections can be initially treated with
fluid therapy—generally consider the animal
shocky or 7% dehydrated (based on level of dehy-
dration or assess for shock and consider replacing
maintenance fluid levels as well) and replace fluid
accordingly and start on broad specirum antibiotics
{ampicillin, Clavamox, trimethoprim sulfa). Mon-
itor the animal’s vital signs (temperature, heart rate,
respiratory rate, CRT, and color). Additiona) treat-
ment may include oxygen therapy (via facemask or
endotracheal tube) or transfusion with whele blood.
red cells, or Oxyglobin, under veterinary direction.
Whole blood and RBC transfusions should be given
I'V at a rate of 1-3 ml over the first five minutes to
monitor for a transfusion reaction. If a reaction
occurs, give diphenhydramine (injectable
Benadryl) at a dose of 2 mg/kg IM (Morgan 1992:
Piumb 1998).

If Oxyglobin 1s administered it should be done
under veterinary care at a dose of 10-30 ml/kg at a
rate of 10 ml/kg/hr. The author recommends 1o start
with the lower end of the dosage scale for
Oxygiobin (Piumb 1998).

Broad-spectrum antibiotics (Clavamox 13.75
mg/kg PO, ampicillin 10 mg/kg SQ. Cefazolin
1020 mg/kg SQ, or tnmethoprim sulfas 15-20
mg/kg PO, 5Q) should be given at appropriate
doses. Steroids (an initial dose of 2—4 mg/kg SQ,
IM, IV) may be administered once and continued
based on the animal’s continued assessment, physi-
cal reevaluation, and underlying problem causing
the anemia (Plumb 1998).

The goal of the therapy is 1o stabilize the patient,
provide circulatory assistance, and enhance delivery
of oxygen to the tissues until the underlying cause
for the anemia can be corrected.

Anemia from parasitism can be treated based on
fecal/blood analysis along with supportive care out-
lined above (fluids and broad-spectrurh antibiotics).
Toxicities are trickier because the inciting toxin
must be diagnosed and appropriate therapy initiated.
If & toxin is suspected, consult with a veterinarian.
Veterinarians should be made aware of an animal’s

PCV and suspected presenting problem as socn as
possible so that veterinary assessment can be done
and appropriate therapy instituted.

Foreign Bodies

Foreign bodies can be found in all orifices in the
body and can enter the body via all orifices (body
openings). Foreign bodies can be found in the eyes,
ears, oral cavities, skin, and all sections of the gas-
wointestinal tract,

Ocular foreign bodies can be hidden deep behind
the nictitans (third eyelid), entering via the eyelids,
or seen penetrating the globe. Clinical signs include
ocular discharge, usually unilateral, hemorrhage,
and blepharospasm (Slatter 1990). A veterinarian
should examine cubs with ocular foreign bodies.

Aural foreign bodies can be deep seated within
the ear canal and may penetrate the tympanic mem-
brane. Chinical signs include head shaking, head tilt,
discharge from the ear, and pawing/scratching at the
ear. The ear canal may be red, inflamed, and stenot-
ic. You will probably have to use general anesthesia
or heavy sedation in order to explore the ear canal.
Have the veterinatian examine the ears with the ani-
mal under anesthesia. The animal must have the
tympanic membranes evaluated for integrity. The
animal may of may not require medication in
the ear. Generally, Panalog ointment or Ctomax
omtment are used (Plumb 1998). If a veterinarian
will be evaluating the animal within 12 hours, do
not place any ointment in the ear canals so that the
canals are clear of meds for easier visualization and
evaluation of the tympanic membrane.

Oral foreign bodies may include grass awns,
grass blades, fishhooks, bones, bullets, and
string/line. Clinical signs include signs of increased
ptyalism/drooling, sneezing, hemorrhage, head
jerking, and excessive swallowing, Some foreign
objects can be trapped behind a particular crevice in
the soft palate or may be lodged in between teeth.

Nasal foreign bodies are generaily caused by the
inhalation of grass awns, Animals may have polyps
that may cause similar clinical signs, but that is gen-
erally not the case in wild species. Clinical signs
include excessive sneezing, discharge, episiaxis, or
rubbing/pawing at the nose {Ettinger and Feldman
1993}.

Foreign bodies of the skin may include bullets, fish-
hooks, nails, tape. fishing line, arrows/arrowheads,
grass awns, or thoms. Check the skin for trauma or
wounds. Check the interdigital spaces for penetrating
forcign bodies. Clinical signs include hemorrhage,
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lacerations, punctures. limping. or gait abnormal-
ities.

Treatment for all foreign bodies usuwally requires
general anesthesia io remove them. If you suspect a
foreign body is present, have a veterinarian examine
the animal and (reat it appropriately. Foellow-up eare
may include any combination of the following: sys-
temi¢ antibiotics (Clavamox 13.75 mg/kg twice a
day for 10-14 days—do not place on Baytril initial-
ly), wound dressings, wound flushes with sterile
saline and dilute Nolvasan solution. or puncture/lac-
eration repait with sutures by a veterinarian. and
monitoring for wound dehiscence, abscess forma-
tion, or hemuorrhage.

Gastroinlestinal (GI) foreign bodies may include
fishhooks, fish sinkers, or anything an animal can
swallow that is not a normel food item. Clinical
signs include vomiting, regurgitating, inappetence,
fever. dark tarry stool, diarrhea, painful abdominal
palpation {splinting). hunching over. pacing/mot
resting (Ettinger and Feldman 1995).

Diagnostics: If a GI foreign body is suspected,
radiographs must be done, both v/d and lateral. The
veterinarian should do a physical examination and
review the radiographs and then determine a treat-
ment plan. The treatment depends on the location of
the foreign object. If possible, an attempt shouid be
made 1o remave the object. It may be necessary to
anesthetize the animal to accomplish removal.

IMarrhea

Diarrhea is defined as an increase i the frequency,
fluidity. or volumne of feces resulting from excessive
fecal water content. Diarrhea can be characterized
as acute or chronic and must be differentiated as
occurring in the small versus the large bowel
{Ettinger and Feldman 1995). Most of our patients
present as acute cases of diarrhea and are either
small or large bowel. Initial treatment of diarrhea,
until it can be further characterized is fluid therapy.
diet change and possibly broad spectrum antibi-
otics.

Acute diarrheas are generally caused by parasites,
dietary indiscretion. drugs/medications. and toxins,
Chronic diarrheas may be caused by uncorrected
acute diarrhea problems and rectal anatomical
abnurmalities (strictures, masscs), and can be seen
in younger patients. infections (Salmonella.
clostridial infection), ulcers, inflammatory bowel
disease {(both can be sequeta of stress), toxins, or
metabolic diseases (hepatic, kidney) (Ettinger and
Feldman 1995).

Clinical signs include dehydration, bloat.
loose/runny stool, fever, painful abdominal palpa-
tion with gaseous bowel loops, weight loss, tenes-
mus, and constipation.

Diagnostics include fecal examinations, fecal
occult blood tests, CBC, radiographs, and fecal
cytology. Fecal cultures may be necessary to deter-
mine the cause and characterize the type of diarrhea
(Ettinger and Feldman 1995).

Treatment should be targeted at the underlying
cause of the diarrhea. Young/baby animals should
have diets reviewed and corrected. They should be
given SQ fluids—crystalloids at appropnate dehy-
dration/shock/maintenance doses—until they can be
placed on the appropriate dier and clinical signs
resolve, They may require systemic antibiotics
(Clavamox [13.75 mg/kg twice a day for 10-14
days} or trimethoprim sulfas [15-20 mg/kg PO,
SQD if they are compromised and appeur debilitat-
ed (Plumb 1998). Fecal examinations should be
done on all patients with diarrhea and appropriate
anthelmintic therapy should be instituted (see
Endoparasites above). Fluid therapy and dietary
correction are the primary mechanisms to correct
most of the acute diarrheas we see at the wildlife
center.

Chronic diarrheas are more difficult to treat.
Abdominal radiographs should be done. If parasites
and dietary indiscretion have been ruled out and the
diarrhea is persistent, the veterinarians should
reassess the patient and decide on the next course of
diagnostics and therapy. Maintaining fluid balance
and correcting for dehydration and ongoing losses
should continue in the patient (Ettinger and
Feldman [995: Plumb 1998).

Hypoglyccmia

Young animals have higher glucose requirements
than most adults of their species. The increased
requirement is important as a source of energy for
maturing metabolic functions, growth, and mainte-
nance of normal blood glucose (BG) levels. They
utifize all nutrients faster because of accelerated
growth rates at young ages. It is important (o restore
and continue to meet their BG needs.

Clinieal signs of hypoglycemis may be noied if
the BG is less than 60 g/dl. Animals may appear
hungry, shows signs of ataxia, or may have small
seizures that may escalate and lead to loss of con-
sciousness (Morgan 1992). Initially one can quiekly
apply Karo syrup to the gums and then give dex-
trose via gavage (stomach tbe) or 8Q. If giving
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dextrose 8Q. give only a concentration of 2.5% dex-
trose. In most wildlife neonatal patients, it is difft-
cult te¢ place an IV catheter. An intraosseous (10)
catheter can be placed by the veierinarian, if the ani-
mal is severely dehydrated or hypoglycemic, Once
a catheter is placed administer 5-10 mi/kg of a 20%
dextrose solution (diluted from a 50% solution 2-m}
serile saline to 1.5 mi 50% dextrose) (Morgan
1992}, Give this amount IV at a steady pace {not too
fast and not too slow), Begin an IV drip of LRS or
Normosol with an appropriate amount of dextrose
added to the fluid bag 10 make a 2.5-10 or even up
to 20% solution of dextrose (remember you can
only give up to a 2.5% dextrose SQ but it is accept-
able to give higher concentrations of dextrose intra-
venously or orally). Initiatly recheck the BG level
(using a different vein than the one with the
catheter) and modify the amount of dextrose in the
fluids to accommodate the change in BG levels. If
the dextrose drip is not maintaining ot increasing/
normalizing the BG level, give another bolus of the
20% dextrose solution. Once the BG has been cor-
rected and the animal is stable, proper management
with environmental control, nutrition, and addition-
al 8Q fluid therapy can normalize the patient.

Septicemia

Septicemia is defined as a systemic infection gener-
ally carmmied throughout the body via the blood-
stream. The animals may or may not be febrile,
Generaily they are lethargic, weak, inappetent ,
have difficulty breathing, and have pale mucous
membranes +/— small pinpoint red dots, which may
also be on the skin. This can be caused by condi-
tions of overcrowding, inappropriate nutrition or
antibiotics, or wounds that are not treated.

Treatment includes immediate supportive care
with fluids, warmth, and broad-spectrum antibiotics
(rrimethoprim sulfa or Clavamox){Plumb 1998},
Animals generally need aggressive care and veteri-
nary evaluation.

Shock

Shock is usually a result of being hit by cars or
attacked by dogs. The animals present with severe
hypovolemia and hypoglycemia (see Hypoglycemia
above). Animals have pale mucous membranes and
glazed/glassy-appearing eyes, are recumbent, and
may have an elevated temperature and a prolonged
capillary refill time. If ammals present with head
trauma, they may have seizures, slip into a coma,
have problems thermeregulating, or be hypo-
glycemic.

Initiate treatment with shock dose fluids (60-30
mbkg) delivered via IV catheter if possible. After
shock dose fiuids have been administerad, fluids
with 5-10% IV dextrose may be required {unless
the animal is having seizures and 1V dextrose may
need to be given in lieu of shock dose fluids until
the animal stops seizing, then shock dose fluids may
be resumed). Intravenous antibiotics and 1V short
acting steroids (Solu-Delta Cortef 0.2-1 mg/kg IV
or 1—4 mg/kg IV). If the temperature is greater than
106°F(41°C} apply cold soaked towels to the ani-
mal. It is best to have traumatized or shocky animals
evaluated by a veterinarian at the time of presena-
tion (Ettinger and Feldman 1995; Morgan 1992;
Plumb 1998).

Ocular Lesions

Eye problems include corneal ulcers, foreign bod-
ies, lens luxations (all due to trauma). They should
be evaluated by a vetetinarian and possibly a veteri-
nary ophthalmologist.

Vomiting

It is unusual to see vomiting in bear cubs. Vomiting
in young animals may be the result of ingesting for-
eign objects, of inappropriate dietary formulation or
spoiled diet, of medications, infectious agents,
ulcers, heat stroke, or metabolic abnormalities
(Ettinger and Feldman 19935).

Vomitus should be inspected for blood or a coffee
ground consistency. The presence of blood or coffee
ground material would indicate a severe problem
and treatment plans should be conducted under the
direction of a veterinarian (Ettinger and Feldman
1995).

Generally. one simple episode of vomiting ¢an be
treated by withholding foed for a short period of
time. giving SQ fluids, correcting the diet (provide
a bland diet that is fresh), and monitoring for con-
tinuing signs (Ettinger and Feldman 1995). If the
animal continues to vomil, a veterinarian should
evaluate the animal and provide an additional treat-
ment plan. Exploratory surgery may be necessary to
correct the problem, especially if a forgign body is
causing the vomiting.

Epistaxis

Epistaxis (bleeding from the nose) can be caused by
a foreign body, trauma. fractures in the skull, pneu-
monia, or lung parasites (less likely). A rarer prob-
lem can be a cougulopathy (inappropriaie clot
formation/blood preblem}. An attempt to stop the
bleeding and provide fluid therapy via an IV
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catheter should be instituted immediately. A physi-
cal examination should be done to search for obvi-
ous foreign objects, and radiographs should be
taken to rule cut any fractures or abnormal lung pat-
terns. An activated clotiing time test can be done (0
determine if prolonged cloting is present indicating
an inherent blood factor complication or problem
{Cotter 1993; Ettinger and Feldman 1995).

TAGGING

Metal ear tags should be placed in the ears upon ini-
tial physical examinration to facilitate animal identi-
fication if a litter of cubs is being raised or if you
anticipate receiving additional amimals of similar
age. Tagging also facilitates animal identification in
the event an animal inadvertently escapes from an
enclosure,

RELEASE

Bears that are unafraid of people should never be
released. If possible, a cub can be put into a den with
a hibernating female bear that has similar-sized cubs
already. This would be arranged with state or federal
wildlife departments, and knowledgeable local biolo-
gists. The release site should consist of water source,
natural food types. and remote forested areas. prefer-
ably with minimal or n0 hunting of bear. It is best not
10 release close to the opening of bear-hunting season
if the area allows bear hunting. Check the local hunt-
ing season guides. Any releases should be coordinat-
ed with the appropriate state or federal agencies for
site selection, time of release, tracking, or other
release considerations. Juvemile bears are often
returned to the area of the original pickup location if
appropriate and tracked with radio-tracking devices
via an abdominal implant or radio collar. Each bear
release is evaluated on a case-by-case basis with
respect to postrelease research or complications.

Timing and Release Site

Behavior assessment should be monitored continu-
ally and proper steps shou!d be taken 10 keep bears
wild and afraid of humans. Bears that are unafraid
of people should never he released. We try to release
most bears in winter dens, The exceptions are:

1. Cubs that are received late in summer or fall
and have not yet reached at least 65 pounds (30
kg) by the time a winter release is optimal (typ-
ically December. bur some could be released as
laie as February). This is an average fall or pre-
hibernation weight for wild bears. If they are
not releasable by December, we can still do a

winter release (into an artificial den) until
February. Otherwise, the bear would not be
released until the spring thaw when there is
adequate food supply.

2. Any cub with a medical problem that necessi-
tates holding the amimal longer in captivity.

3. California bears, which are released in the fall
season.

4. It a bear is released in the winter, we usually
release it into a man-made den of straw bales,
See Wildlife Rehabilitation for detailed guide-
lines on making a winter bear den. Betore
doing this, the bear needs to be in a dormant
state, which is accomplished by decreasing
food intake and encouraging hibernation
behavior (Wildlife Rehabilitation). The bear
will then be tranquilized, placed in a bear box,
and transported {0 a release site (Wildlife
Rehabilitation). Ensure all releases are coordi-
nated with the state or federal departments of
fish and wildlife (PAWS 2001},

Conditioning Schedule for Winter Den Release

The following schedule is appropriate for winter
den release (Wildlife Rehabilitation):

* Begin reducing food no later than six weeks
priar to release date, place a bear box with siraw
into the enclosure, and shut out all light sources.

» Twenty days prior to release, stop all food intake
but offer fresh water. The bear should have
access to two enclosures during food reduction
stage. On day 21, confine the bear to one enclo-
sure with the den box filled with straw and the
water bucket secured to the door. Noise near the
bear enclosure should be prohibited, and lights
should remain off when checking the water
source. Use a flashlight and insert a hose
through the chain-link fencing on the door to
replenish water quietly if need be every two
days. At day 21 food ceases and you will no
longer need to clean the cage. Food reduction
takes three weeks and the bear should be in a
dormant state for three more weeks before trans-
port to the release site. This process can rake
longer but should never be shorter than six
weeks (Table 23.1).
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Table 23.1. Black Bear Winter Den Prerelease Conditioning Food Guide

Day What to Feed
1 15 cups dog food, 2 apples, 1 carrot, 1 cup mealworms, | cup berries
2 14 cups dog food, 2 apples, I carrot, 1 cup mealworms, 1/2 cup berries
3 14 cups dog food, 2 apples, I carrot, | cup mealworms, 1/2 cup berries
4 13 cups of food, 1 1/2 apples, 1 carrot, | cup mealworms, 1/2 cup berries
5 12 cups of dog food, 1 1/2 apples, 1 carrot. | cup mealworms, 1/2 cup berries
6 12 cups dog food, ! 1/2 apples, 1/2 carrot, 1 cup mealworms, 1/2 cup berries
7 11 cups dog food, 1 1/2 apples, 1/2 carrot, | cup mealworms, 1/2 cup berries
8 10 cups dog food, 1 apple, 1/2 carrot, | cup mealworms, 1/2 cup berries
9 10 cups dog food, 1 apple, 1/2 carrot, 1 cup mealworms, 1/2 cup berries
10 9 cups dog food, 1 apple, 1/2 carrot, 1/2 cup mealworms, 1/2 cup berries
11 & cups dog foed, 1 apple, 1/2 carrot, 142 cup mealworms, 1/2 cup berries
12 8 cups dog food, | apple, 1/2 carrot, 1/2 cup meaiworms, 1/4 cup berries
13 7 cups dog food, 1 apple, 1/2 carrot, 1/2 cup mealworms, 1/4 cup berries
14 6 cups dog food, | apple, 1/2 carrot, 1/2 cup mealworms
15 5 cups dog foed, 1 apple, 142 carrot
16 4 cups dog food, ! apple
17 3 cups dog food, 172 apple
18 2 cups dog food
19 1 cup dog food
20 1/2 cup dog feod
21 No food—stop cleaning cage, only check water
42 Tentative relcase time

expertise with the medical problems. We wouid also
like to thank the staff, volunteers, and veterinary
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SOURCES OF PRODUCTS MENTIONED

Goodwinal Preducts Corp., Pierce, CQ; 1-970-
834-1229

PetAg Ine., 261 Keyes Ave., Hampshire, IL
60140; 1-800-323-0877, 1-800-323-6878;
Wwww.petag.com
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Polar Bears

Gail Hedberg

INTRODUCTION

Polar bears (Ursus maritimus) are maintained in
over 83 different captive settings throughout the
world. International Species Inventory Systems
(1S1S} records state that the number of captive births
in the last 25 years is greater than one thousand.
Table 24.]1 summarizes ISIS data showing that the
mertality rate for captive polar bear cubs in the first
three months of life was approximately 56%.

The following information presents the most cur-
rent data available. Detailed experiences from a suc-
cessful hand-rearing polar bear project are provided.
All products mentioned are listed in the “Sources of
Products Mentioned” section at the end of the chap-
ter. Collaborating with and compiling data from
other zoological institutions may provide you with a
foundation to further ensure survival for the polar
bear, a noted difficult, sensitive, and delicate neona-
tal camivore.

NATURAL HISTORY

Female polar bears become sexually mature at five
10 six years of age, while males become mawre at
eight. Breeding normally occurs between March
and July.

The total gestation period is approximately eight
months. Gestation includes a period of delayed
implantation, in which the fertilized ovum stops
maturing as it floats free within the uterus.
Approximately six months later, the embryo attaches
itself to the uterine wall and resumes development.
The actual embryonic development is estimated to be
four months.

The pregnant bear then “dens up™ until the birth.
Pregnant polar bears in captivily continue eating
during this phase, A female in the den has a reduced

181

heart rate and metabelism. Delayed implantation
ensures survival for the pregnant female. In the
event that the female has not put on enough fat
reserves before denning, the embryo will not
implant and is reahsorbed by her body. The captive
female will need to gain an additicnal 200 kg
between the time of conception and the time of den-
ning se that she can have the fat reserves to allow
the embryo(s) to reach full ierm, and begin lactating
for rearing cubs (Hanning 1992).

Loud noises may bother many captive polar
bears. Environmental noise, such as consiruction
projects within close proximity to the bear habitat,
must be eliminated for the entire two- to three-
month denning period. Providing access 1o secure
off-exhibit cubbing dens is the key {0 successful
captive births of polar bear cubs. [ have had experi-
ence with successtul monitoring of the birth process
in which an infrared camera was set up 1o record the
female in the den. Daily review of the 24-hour
videotape provided a record of the female’s move-
ments. The complete birth cycle was recorded and
reviewed. This visual husbandry management tool
has had extreme imporance in monitoring the
neonate and the maternal capacity of the female
pOstpartum.

Average hirth weight is 454-680 g. Average litter
size is two, with litter size ranging from one to four.
Litters greater than two are rare.

Preparation (Three Months Prior to Birth)

Rirth patterns for captive polar bears are very pre-
dictable. Captive births begin in October and con-
tinue through January. It is impoitant to prepare for
any circumstances that may present a cub for hand
rearing. A video monitoring system is extremely
helpful if maternal neglect is a concern. Cubs are



182 Hand-Rearing Wild and Domestic Mammals

Table 24.1. Historical Data for Captive Polar Bear Births (No. of Births = 1115)

Age Deaths Per day Per week  Per month
Month 1 Week 1 0 days 213 19.10% 45.50% 53.40%
1 day 98 8.80%
2 days 85 7.60%
3 days 51 4,60%
4 days 24 2.20%
5 days 19 1.70%
6 days 17 1.50%
Week 2 57 5.10%
Week 3 22 2.00%
Week 4 9 0.80%
Month 2 pa| 1.90%
Month 3 16 1.40%
632

Note: Based on all 1SIS data on captive-born animals: 31-Dec-00 (raw data as received from participating
zo0s), The following data are for captive-born animals (Polar bear, Ursus maritimus), births by region:
European, 471; North American, 588: Asian, 23; African.17; Australian/New Zealand, 14,

often presented in a hypothermic, weakened state.
The primary cause of mortality in newbomns is
matermnal neglect and trauma.

The following are some important steps that may
be taken to assist care providers in hand rearing
polar bear cubs:

* Research and discuss milk formula diet options
with other institutions. (See Table 24.3 for com-
plete historical listing of hand-rearing projects
by institution.)

* Maintain 2 minimum of two incubators (iso-
lettes) in ready state for use with multiple cubs
(thermostat controlled internal temperature
capacity of 90°F |32.5°C] with humidity option).

* Acquire assorted presterilized bottles, nipples.
gowns, and surgical gloves designated for this
project.

* Keep a supply of frozen polar bear serum for
alternate source of immunoglobulins,

* Have a written plan ahead of time and review it
with all care providers.

RECORD KEEPING

Table 24.2 is a sample form for keeping track of
essential data.

CRITERIA FOR INTERVENTION

Newborn cubs are rarely presented in plain view for
the animal care staff to hear or see. A well-cared-for
cub will be content to sleep between feedings. A
natural posture for the sow is to lie on her back and
allow the cub fo nurse. Excessive grooming may
cause trauma to a cub. The most noteworthy signal
for initially distressed cubs is loud, excessive bawl-
ing or crying. The dam should surround the cubs
with her body. If cubs are left unatiended. then
hypothermia and/or hypoglycemia will occur. A
weak or compromised cub cannot vecalize.

INITIAL CARE AND STABILIZATION

A cub should be transported in a heated, towel-lined
Styrofoam box. Use latex exam gloves filled with
warm water 10 maintain a constant heat source until
the cub is transferred to a more sophisticated incu-
bator. Human infant-care isolettes provide the opti-
mum space and needed temperature gradient control
for the duration of this centrolled environment (Fig.
24.1).

An immediate action te warm the cub's core body
temperature is critical. Normal newborn cub body
temperature ranges from 96.8°F (36.0°C) in the first
days to 97-99°F (36.2-37.2°C). After onc to two
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Flgure 24.1. Polar bear cub
sleeping in incubator.

weeks of age, the terperature range is near 100°F
(37.8°C). Temperature monitoring is best accom-
plished with a pediatric digital rectal thermometer.
Once the cub is placed in an incubator at 86-88°F
(30-32°C). sumround the compromised cub with
fresh latex gloves filled with warm water or smal!
250-ml saline IV bags warmed in a microwave
oven. Replace these bags as they becomc cool.

Multiple incubators facilitate quick transfer o a
clean, warm environment.

Generally, multiple conspecifics can remain
together but it may be necessary to separate cubs
because nursing on a littermates genitals is a poten-
tial problem.

Maintaining clean incubators is mandatory and
cuhs cannot be exposed to changes in ambient tem-
peratures, even for just routine cleaning. Padding the
incubator minimizes imtation 1o the muzzle from
excessive “'rooting around.” A 6-in stockingette filled
with relled cotton or Styrofeam beads from a bean-
bag chair works extremely weli. Line the perimeter
of the incubator. These bumpers are reusable if care
is taken when washing and drying. Always have extra
sets ready for replacement. “Bumper guards™ also
give a solitary cub an artificial surrogate with which
1o bond. Polyester fleece (see Sources of Products
Mentioned) is another suitable bedding source. This
product is very durable and seems 1o hold up the best
even when left with unsupervised animals. Extreme
caution should be used, however when selecting syn-
thetic fleece. Animals that suckle on these fabrics
may ingest fibers and cause constipation. Many arti-

ficial fabrics (“fake furs™) are available and can be
sewn in shapes that resemble fabric-covercd bolsters.
This replicates the shape of a maternal sow's
abdomen or appendage, and all cubs fee] more secure
when draped over their mother.

Initial care of the umbilicus is of utmos! impor-
1ance as this is a primary source for entry of bacter-
ial pathogens. One method for the care of the
umbilicus includes the application of chlorhexidine
(0.5%) (Nolvasan 2% soluticn diluted 1:2 with ster-
ile water) every 6 hours for a minimum of 72 hours
and watch the site for heat or swelling, This is more
effective than 2% iodine or Betadine. Seven percent
iodine is caustic, burns the end of the umbilicus, and
traps bacteria within the stump. Dilute Betadine has
been substituted with the theory that it is less caus-
tic, but the poiential for bacterial entrapment still
exists, Now chlorhexidine is used because it is less
caustic and has a wider bacterial spectrum
(Madigan 1997). The umbilicus *'tag”™ will dry and
dissappear approximately 48 hours after birth.

Literature indicates that serum from an adult
polar bear should be given to a neonate whenever
possible (Kenny, Irlbeck, and Eller 1999; Torgerson
1990; Michalowski 1971). 1 followed that recom-
mendation and gave serum orally and subcuta-
neously to a one-day-old cub. The eighteen cc of
banked frozen serum was obtained from a nonrelat-
ed captive polar bear housed at another institution.
The initial dose was 9.0 ml subcutaneously fol-
towed by 9.0 m! orally, divided equally into the next
three feedings. The cub’s weight was 645 g.
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New research for serum as a source for antibody
protection in dogs states that both oral administra-
tion and subcutaneous injecticn are used. but intesti-
nal absorption is minimal after 12 hours. The dose
is 22,0 mi/kg as a single dese. Higher IgM concen-
trations were achieved with the S/C route
(Bouchard et al. 1992; Potfenbarger et ai. 1991;
Glickman et al. i988). Ulilizing this new research
information. the recommended amounts of frozen
stored serum (at —70°C) is 10-15 cc per cub.
depending on the animal’s presenting weight.

A review of available literature for maternal polar
bear milk analysis shows that the overall composition
changes throughout the lactation cycle (Cook et al.
1970; Roken and Roken 1981}, A milk sample from
day 13 of lactation showed the fat level o be 14.9%
in a captive sow (Roken and Roken 1981). Other
samples from wiid-caught sows approximately at 16
months of lactation are 33,1-69.5% fat. Changes in
milk composition may alse act (o conserve maternal
energy stores to ensure survival of the sow
{Derocher, Ardrashek, and Arnould 1993). This
onge again validates the need for captive sows to be
in optimummn nutritional status for adequate lactation.

The fat componeni of maiernal polar bear (Ursus
maritimus) milk has a wide range of reported con-
centrations. The range is 14.9% 10 69.5%. This

information shows the importance of a gradual
increase in the fat component for hand-rearing milk
formulas,

The use of commercial feline and canine milk
replacers for hand rearing exotic carnivores has
been well documented by published accounts in the
Interngtional Zoo Yearbook and AZA's Infant Diet
Notebook. A complete resource guide is listed at the
end of this chapter {see Sources).

In 1993 a reformulation occurred with Esbilac.
Butterfat was added to improve mixability. Some
exotic species exhibited digestive problems with
this new formulation. Lactobezoar was reported in
tiger and leopards. In conjunction with the above
change came the development of Zooiogic, a iine of
products made by PetAg, Inc. This system of seven
milk replacers is mixed and matched to meet the
appropriate maternal milk analysis. The Zoologic
products appropriate in ursid hand rearing are Milk
Matrix 33/40 and Milk Matrix 42/50. The praduct
numbers represent the minimum crude protein and
fat percentages. Note that these two formulations
are original pre-1993 powdered Esbilac and KMR
product without butrerfat. These PetAg products are
accessible for the international market.

Nurturall mitk replacers by Veterinary Products
Laboratories and Just Born milk replacers by

Table 24.3. Historical List of Polar Bear Cub Hand-Rearing Projects and Base Dist

Date Institution

Formula

Jan 2000 Adventure World, Japan

Oct 1999 Brookfield Zoo, Illincis
Mar 1098 Alaska Zoo, Anchorage
Nov 1994 Denver Zoo, Colorado

1989 Rostock Zoo, Germany
Dec 1988 Rostov-on-Don Zoo, Russia
1985 Leningrad Zoo. Russia

Nov 1985* San Diego Zoo. California
Jan 1984 Knoxville Zoo, Tennessee
Dec 1982 Zoo Atlanta, Georgia

Nov 1982 San Francisco Zoo. California
Jan 1980 Toronto Zoo, Canada

1980 Leningrad Zoo, Russia

Nov 1976 Lincoln Park Zoo, Iinois
Nov 1972 Kolmarden Zoo, Sweden
Nov 1971* Tapeka Zoo, Kansas

Dec 1969* St. Paul Zoo, Minnesota
Dec 1969 Rochester Zoo, New York

Esbilac Powder

Esbilac Powder/MultiMilk
Eshilac Powder, cream

Esbilac Powder, half/half cream
Soyaval

Goat’s milk

L)% cream

Esbilac Liquid, cream

Eshilac Powder

Cream/water

Eshilac Powder

Eshilac Powder

Soy powder, goats milk. cream
Eshilac Liquid, cream

Sobee, milk powder, egg yolk powder
Esbilac Powder, cream

Esbilac Powder

Eshilac Powder

*Did not survive,
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Farnam Pet Products are basically the same prod-
ucts. It is 2 marketing clarification only. Nurturall is
only available through a licensed veterinarian. Just
Bom is available through a retail outlet, Both of the
above products are labeled for use in puppies or kit-
tens, as is Lactol milk repiacer manufactured by
Sherley’s Limited available in the United Kingdom.
All of these are available to the international mar-
ket. Artificial milk diets have limitations when com-
pared to maternal milk. The formulations cannot
fully duplicate materntal milk composition,

Esbilac Powder or Mitk Matrix 33/40 is the rec-
ommended product for hand rearing polar bears.
Esbilac Powder is a canine (puppy milk replacer).
See table 24.3 for 2 complete international summa-
ry of polar bear hand-rearing projects. Esbilac has
been used successfully with and without the addi-
tion of whole milk products. Table 24.4 outlines in
detail the ratio of Esbilac Powder to sterile water. |
prefer using sterile water when making formula
because of the potential risk of contaminants in tap
or bottled water. This precaution can be relaxed
when the neonate is stable. Note the concentration
increases as the cub matures, If Esbilac Powder is
unavailable, then review the European accounts for
alternative milk products.

DAILY NURSERY CARE ROUTINES

Weigh the cub daily at the same time. Expect a
weight gain of 30-90 g/day after initial stabiliza-
tion.

An initial feeding schedule is every 2.5 hrs X 24
hes for the first seven days. Dietary adjustments and
manipulations are introduced gradually and only
one item adjusted at a time. This species does not
tolerate rapid changes in diet. 1 followed a sirong
tecommendation to limit the amount of formula fed
at each feeding (see Table 24.4; also Michalowski
1982, Phone conversation with author).

The Playtex nurser system with plastic liners is
suggested because of the expanded surface area of
the latex nipple as it attaches to the bottle (see Fig,
24.2). The nose of the cub hits the plastic rim of the
standard baby botile. Polar bear cubs have a very
strong suckle response. The orthodontic NUK nip-
ple shouid be used to replace the standard Playtex
nipple after the initial artificial rearing protoco! has
been established. The Playtex disposable plastic lin-
ers help keep the formula sterile.

Constipation is the most commonly reported
medical problem. The addition of comn syrup in the
milk formula has been beneficial as an aid in reduc-
ing the tendency for constipation. The osmotic
property of giucose in com syrup acts as a natural
laxative in the gastrointestinai tract. Use 1.0 ml corn
syrup per 25 ml} prepared formuia. Retention of
water by osmosis promotes consistent defecation.
ABDEC, a pediatric tiquid oral vitamin source, is
recommended at & dose of (.5 m! per 10 m! of pre-
pared formula.

A dose of cod liver oil initially at 5 mtfday sup-
ported the increased fat requirement. Vitamin A

Table 24.4. Polar Bear Cub Milk Replacer Feeding Schedule, San Francisco Zoo, 1984

Daily Intake (limit feedings)

1:3 powder/sterile water

1:2 powder/sterile water
1:1.5 powder/sterile water
1:1.5 powder/sterile water

1.1 powder/sterile water

1:1 powder/sterile water

1:1 powder/sterile water.
Add 15 g (1 TBS) increments
Hills Feline Science Diet CD
every day = 120 g maximum

Age Weight Esbilac Powder
1 day 645 g
9 days 1020 g
1622 days 1.57 kg (17 days)
23-29 days 1.85 kg (23 days)
3047 days 3.82 kg (45 days)
48-50 days
51-74 days 4.9 kg (52 days)
6.3 kg (66 days)
75 days 80 kg

Eating from bowl above
formula 1:1 powder/sterile
water + Hills Feline Science
Diet CD 2:1

9 feedings/day 28 ml feeding
9 feedings/day 28 ml feeding
8 feedings/day 28 m! feeding
7 feedings/day 42 m) feeding
6 feedings/day 56 ml feeding
6 feedings/day 71 m! feeding

6 feedings/day 85 ml feeding

4 feedings/day 120 ml feeding
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Fig. 24.2. Polar bear cub nursing on a bottie,

requirements have not been established for this
species. It is uncertain if they are predisposed to an
increased requirement for vitamin A or have a high
tolerance. Use caution when feeding fish as part of
the weaning diet. Certain fish like carp, herring,
mackerel, smelt, and capelin, have the enzyme thi-
aminase. Thiaminase destroys thiamine (vitamin
B)). Supplement with 25 mg of thiamine per kilo-
gram of fish fed (Allen. Oftedal, and Baer 1996).

TIPS FOR WEANING FROM FORMULA
TO SOLID FOOD

My personal experience confirms that weaning a
polar bear is challenging. Having gone through the
mechanics of bottle-feeding for the preceding six
weeks. the basic emotionai and psychaological needs
of a cub will have been satisfied. Now the cub and
caregivers must overcome two major developmen-
tal hurdles: teettung and weaning.

Teething is a very difficult developmental
process. The cub may have intense “bawling” or
crying episodes. The cub can exhibit signs of colic
and refuse scheduled feedings. This begins at six to
eight weeks ol age. It seems to last for one week.
Massaging the gums and using frozen teething rings
are helpful. Pediatric Anbesol Gel may be used top-

ically on the affected area for short-term relief for
cub and caregiver,

Early weaning may be necessary due to aggres-
sive biting and chewing of the nipple. The normal
dentition of a neonaie begins at approx 45 days of
age. Begin offering one iabiespoon per day (I5
g/day) of solids in the formula at 50 days of age.
This can be a commercial canned carnivore diet.

Begin offering a bow! of formula/gruel in the
morning after the first bottle. This can begin at age
70 days. One suggested source for solids is Science
Diet Feline Maintenance prescription diet.
Gradually introduce and make transitions to soaked
emnivore biscuit at age 80 days.

OTHER PRACTICAL INFORMATION

This species normally exhibits slow physical devel-
opment when compared to exotic felids and canids.

Day 28: ears open, eyes beginning to open

Day 33: eyes completely open

Day 40: tries to walk

Day 45: out of incubator

Day 56: molars erupt; prefers cooler environment
(65°F)

Day 63: Offer shallow pan of water due 1o cub’s
tendency 1o immerse entire head into bowl when
learning to drink water.

The period from bottle nursing 1o independence
from caregivers is approximaiely eight months. This
species requires detailed attention 24 hours a day,
The intense monitoring of a cub is what increases
survivability during the first 30 days.

Be aware of a cub's sensitivity to increased levels
of environmental stimulation, All external ambient
noise should be minimized. Room lighting should
be dim and the incubator should be covered for the
first three weeks.

During this time the normal development of the
cub requires it to be maintaired in a constant tem-
perature-controlled environment until fully furred.
The importance of hygiene and sterile handling of
all equipment and weensils cannot be emphasized
enough. The caretaker’s initial direct contact with
the animal should o¢cur with sterile gloves and sur-
gical gown in a nursery environment, This will min-
itnize exposure to potential pathogens. Change
gloves each time the cub js fed. A change of gloves
is required between multiple cubs, although this
added precaution might be lifted after the first week
of age. No other animals should be housed in the
immediate vicinity.
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Proper ¢limination of urine and feces from the
animal should occur outside of the incubaior. The
use of absorbent disposable pads is heipful.
Stimulate the cub to urinate and defecate by gently
patting the perineal area with warm-water-soaked
gauze or coiton pad. This is done each time the cub
ts handled for a scheduled feeding. Wear latex
gloves when stimulating the cub to urinate and defe-
cate.

The cub should never be exposed to a fecal-cont-
aminaied environment. This is why multiple incuba-
tors are useful. The cub may be placed directly into
the second unit while the first unit is cleaned, Aiso
in the event of equipment failure, a back-up unit is
always available, Once the cub is fully furred, it will
be more content to spend time out of the incubator.
This is evident at about three to four weeks of age.
This is when you can begin to lower the temperature
of the incubator a few degrees a day until it reaches
room temperature. There will be a time when the
cub needs an ambient temperature much cooler than
is comfortable for its human surrogates. This occurs
about seven to eight weeks of age.

The emotional needs of polar bear cubs require
the caregiver(s) to fill the role as a surrogate for an
extended period. Behaviors such as swimming can
be gradually introduced when cubs are 18 weeks of
age. A small wading pool can be filled with just
enough water to wet the cub’s feet. This process can
be repeated as often as two to three times a week
until it is time to find a deeper pool.

The most important facior is the slow introduc-
tion of water. A shallow pan of drinking water was
introduced at 63 days of age, Polar bear cubs have a
tendency to immerse their entire head into a bowl of
watel, They need to learn how to drink. The same
holds true when introducing a large body of water
for swimming. Caretaker and cub should walk in the
shallow end before the cub faces a water level that
is over its head. The caregiver should constantly
give reassurance as the cub follows. The caregiver
should wear waders or a wet suit to facilitate con-
stant supervision. A dog harness with a long lunge
line keeps the bear within reach. This process
should be slow and controlled as the cub learns to
handle water. Later, crushed ice may be introduced
for enrichmeni.

CONCLUSIONS

The key to a successful outcome is commitment and
extreine dedication from the caregiver(s). This
species presents unique challenges. Limited docu-

mented hand-rearing accounts show a wide range of
formula trials. It is importamt to continuzlly make
adjustments and modifications. With careful plan-
ning and skilled implementation of hand-rearing
protocols, a well-adjusted cub can reach adulthood,
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SOURCES OF PRODUCTS MENTIONED

ABDEC: Parke-Davis & Co., Detroit, MI 43232

Anbesol: Whitehall-Robbins Healthcare,
Madison, NJ 07940;1-888-797.5638;
www.anbesol.com/index.asp

Beaphar, Inc., 6200 Falls of Neuse Rd., Suite
102, Raleigh, NC 27609; 1-919-855-9990, FAX
1-919-855-9991

C/D Hills Prescription Diet: PO Box 148, Topeka,
KS 66601; 1-800-445-5777; www.hillspet.com

Esbilac: PetAg, Inc., 261 Keyes Ave, Hampshire,
IL 60140; 1-800-323-6878; www.petag.com

Isolette: Used Air Shields Incubator, Rankin
Biomedical Corporation, 9580 Dolores Dr.,
Clarksion, MI 48348; 1-248-625-4104, FAX
1-248-625-1070; E-mail: rankin@tircom

Just Born: Farnam Pet Products, A division of
Famam Companies, Inc., Phoenix, AZ 85013;
1-800-234-2269; www.farnam.com

Lactol: Sherley’s Limited, Homefield Rd.,
Haverhi!l, Suffolk CB2 8QP U.K.; Phone 01440
715700, FAX 01440 713940, E-mail:

sherleys @dial. pipex.com

Mead Johnson Nutritionals: 1-812-429-6339,
FAX 1-812-429-718%; 24-hour toll-free fax on
demand 1-888-606-7737; E-mail; www.mead-
johnson.com
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NeoCalglucon: Geneva Pharmaceuticals,
Divisien of Sandoz, Inc.: 2655 W. Midway
Blvd., PO Box 446. Broomfield, CO 80038-
0446: 1-800-525-8747, FAX 1-303-469-6467,
WWWw.novartis.com

Nurturall: Veterinary Products Laboratories, PO
Box 34820, Phoenix, AZ 85067-4820; 1-888-
241-9545; www.vpl.com

Playtex Products, Inc.; PO Box 7016, Dover, DE
19903-1516; 1-800-222-0453, 1-302-678-6000,
FAX 1-302-678-6200; www.playtexbaby.com

Polar Bear Diet-Dry: Animal Spectrum, Inc., PO
Box 721, North Platte, NE 69103-0721; 1-800-
228-4005, FAX 1-308-534-7015

Polyester Fleece: Body Gear for Pets, PO Box
5924, Petaluma, CA 94935; 1-800-699-4050,
FAX 1-707-792-2262; E-mail: bodygear@
pacbeil.net

Stockingette: Balfour Health Care, Div, Of
Kayser-Roth Hosiery, Inc., 425 N. Gateway
Ave., Rockwood, TN 37854

Wireless Thermorneter: Oregon Scientific
International, Ltd., 19861 SW 95th Place,
Tualatin, OR 97062: 1-888-274-7980, FAX 1-541-
465-9406; E-mail: www.oregonscientific.com

Zoologic Milk Matrix: PetAg Inc., 261 Keyes
Ave., Hampshire, IL 60140, 1-800-323-0877,
1-800-323-6878; www.pelag.com
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NATURAL HISTORY

The raccoon is of the order Carnivora, family
Procyonidae, genus Procyon, and species lotor.

Description

Raccoons are brownish-gray with interspersed
black hair above and a grayish coat below. They
have a bushy 1ail with four to six alternating black
and brownish-gray rings. A black mask is evident on
their face, which is outlined in white. The adult head
to rump length is 24-27 in. with & 7.5-16-in. long
tail (Macdonald 1995; Nowak 1991).

Reproduction

Mating season is from December to August, and the
gestation period is approximately 63 days. Peak
mating occurs in February and March. Females usu-
ally have one litter per year with one 10 seven kits
per litter born in April and May. Weaning of wild
kits takes place between two and four months of age
(Macdonald 1995; Nowak 1991).

Habitat and Activity

Raccoons are nocturnal and successfully occupy
diverse habitats. They prefer forested bottomlands
near streams, but also thrive in cities and suburbs.
Dens are usually made of leaf litter in hollow trees
ar any protected area including attics and crawl
spaces. They do not hibernate, cven in very cold cli-
mates (Macdonald 1995 Nowak 1991). They are
excellent swimmers and climbers. Their forepaws
articulate and are capable of opening latches on
cage doors. making them great escape artists.
Raccoons tend to become desensitized to humans
easily so it is very important to keep the kits fearful
of humans.
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Natural Diet

Raccoons will consume a variety of foods including
fruits, nuts, insects, small mammals. birds. eggs.
crayfish, frogs, worms, fish, clams. wrtles, and
acorns (Macdonald 1995; Nowak 1991).

Behavior Considerations

Captive and wild raccoons are primarily noctumal.
If they are out and about during daylight hours this
can be a clue to a significant medical problem.
Raccoons are very territorial bul social animals. In
captivity they are aggressive and easily bored.
Juveniles require & behaviorally enriched environ-
ment such as climbing structures/tools, water
access, natural foliage, and live-prey training.
Raccoons become easily accustomed to humans,
We cannot stress enough that human contact should
be minimal {as is necessary for feeding/cleaning/
medical care). This is especially important because
in many communities raccoons are considered nui-
sance ammals (Macdonald 1995, Nowak 1991;
PAWS 2001).

Physiological Parameters

Adult raccoons weigh 5.4-21.6 kg. Their body tem-
perature ranges from 100 to 102°F (37.8 10 38.9°C).
Their heart rate ranges from 128 to 180 beats per
minute (Macdonald 1995; Nowak 1991},

RESTRAINT AND HANDLING

Raccoons are definitive hosts for the roundworm
Baylisascaris, which can be transmitted to humans
and other animals via unprotected physical contact,
primanly with raccoon feccs. This roundworm may
cause severe central nervous system damage that
¢ould be fatal in humans and other animal species.
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Therefore, 1T IS MANDATORY THAT PROTEC-
TIVE GLOVES ALWAYS BE WORN WHEN
HANDLING THESE ANIMALS. In addition 10
latex protective gloves, workman's leather gloves
may be womn, and may actually be necessary when
handling older animals (Bowman 1999; PAWS
2001). Baylisascaris procyonis ova are virually
indestructible and may last in the environment for
years. Other animals in a facility should also be pro-
tected from contact with raccoon feces; for exam-
ple, the runoff from cleaning a raccoon pen should
not pass through another animal enclosure.

Infant and juvenile raccoons can be held by the
scruff of the neck or by the forelegs. They tend to
scream, grasp, or bite at the gloves, and may often
urinate with handling. For an older, aggressive juve-
nile, restrain by the “foreleg method.” With the ani-
mal’s back toward your abdomen, pin the raccoon
down with a gloved hand or towel. Grasp the raccoon
by the shoulder region of the forelegs. You should
have one leg in each hand, Make sure you are hold-
ing the forelegs as close as you can to the shoulders
(armpit area). The racecon should not be able to bite
you and the animal can be restrained for miscella-
necus progedures using this technique (PAWS 2001),

While working with the animals, do not speak tc
the animals or eacourage behavior that will condi-
tion the animals to humans (PAWS 2001).

ASSESSMENT OF THE NEONATE: AGE
DETERMINATION

Age can be determined with the following guide-
lines {Huckahee 1999-2000):

Newborn; weighs 6075 g: their back is sparsely
furred and the eyes and ears are closed.

2 weeks: face mask is fully haired as weli as the
back.

2 172 to 3 weeks: ears and eyes are open.

3 weeks: tail rings are fully furred,

3 to 4 weeks: Kits squirm actively and chitter, but
cannot support their weight on their legs at this
time,

4 weeks; deciduous {milk teeth) first, second, and
third incisors erupt.

4 to 6 weeks: animals begin walking.

6 weeks: deciduous second, third, and fourth pre-
molars erupt.

8 weeks: deciduous first premolars and permanent
first incisors erupt,

10 weeks: permanent second incisors and first
molars erupt.

12 weeks: permanent third incisors erupt.

I4 weeks: permanent canines erupt,

16 weeks: most of the animals in the wild are
weaned at this time,

INITIAL CARE AND STABILIZATION

Perform a complete physical examination either by
manual restraint or with sedation. The animal
should only be immobilized if it is in stable condi-
tion and only if necessary to perform a physical
examination or do a diagnostic workup (blood
panel, radiographs, etc.}. Be sure 1o wear eXamina-
tion gloves when handling raccoons. The physical
exam shouid include palpating the hard palate to
check for lesions. If the animal has a cleft palate it
could affect its ability to suckle and cause compli-
cations such as aspiration pheumnonia,

If the kit appears injured or i1, obtain a blocd sam-
ple 1o run a CBC and a chemistry panel if enough
blood is available; a fecal sample should be submit-
ted for analysis. The veterinarian should be present or
called if necessary depending on the condition of the
animal. Check the packed cell volume (PCV), total
solids (TS), and blood glucose (BG) in order to initi-
ate treatment for immediate problems. If the BG is
low, less than 60, give subcutaneous or intravenous
fluids (lactated Ringer's solution or Nermosol-R with
a 2 1/2% dextrose solution SQ or higher percentage
dextrose if given IV). Prepare two to three blood stide
smears for review by the veterinarian. Prepare equip-
ment for skin scrape, and possibly IV catheter place-
ment, fluid therapy, and X rays. Be sure to provide
the animal with an external heat source, fluids, and
appropriate medications based oh physical examina-
tien findings (Morgan 1992; PAWS 2001).

Once the initial exam has been performed, for-
mulate a treatment plan for any problems the animal
may have. Remember these animals are not domes-
ticated, but many of their medical problems can be
treated similarly to those of domestic cat and dog
species. If you do not have access te a veterinarian
with wildlife experience, a small-animal practition-
er should be quite helpful in caring for these
species. Keep in mind these are siill wild animals
and must function in a harsh, unforgiving environ-
ment in nature. Fractures and other medical prob-
lems must heal well enough to enable the animal to
catch prey items for foad, climb, escape from preda-
tors, and protect itself (PAWS 2001). Isolate and
quaranting the raccoon (or litier) from other rac-
coons and other mammals upon arrival,
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FORMULAS, SUPPLEMENTS, AND
CALORIC REQUIREMENTS

Rehydrating solutions wsed for raccoons include
Pedialyte (Ross) or an electrolyte solution such as
lactated Ringer’s solution {LRS) (PAWS 2001).

KMR (Kitten Milk Replacer, available at most
veterinary hospitals, pet food and feed stores) and
Zoologic 42/25 (available through local feed stores)
are both made by PetAg, Inc., and have been uwsed
successfully with baby raccoons. For either product,
mix one part powder with two parts water by vol-
ume.

Start by feeding 100% rehydrating solution,
Follow the feeding guide for amounts to feed. Once
the infant is rehydrated, begin to add in the formula
gradually. Start with 75% rehydrating solution and
25% formula. At the next feed give 50:50 rehydrat-
ing solution to formula; the next feed 75:25, and
finally give 100% formnla as described below.

Weaning Diet

Raccoon Mush is composed of soaked puppy chow,
Gerber high-protein baby cereal, and KMR powder,
with enough water added to achieve an oatmeal-like
consistency (PAWS 2001). Gerber high-protein
baby cereal is avaiiable from Gerber Products
Company.

Juvenile Diet

During and follewing weaning, offer a diversity of
food items including dry dog food, fish, mice, fruits,
and nuts (PAWS 2001).

TUBE FEEDING
To tube feed a raccoon, you will need (PAWS 2001):

Red rubber catheter (Kendall Sovereign Feeding
Tube and Urethral Catheter, sizes 8, 10, and 12
French)

Lubricant (KY Jelly, for instance)

Light source (flashlight or ophthalmoscope)

Syringe (3, 6, or [2-ml)

Joint to attach the syringe to the red rubber
catheter (Christmas Tree Connector or Barbed
Connector—Jorgenson)

Formula (see above)

Infants are fed via gavage tube if their eyes are still
closed or they are too weak to eat out of a dish.
Before placing the tube into the esophagus, measure
the length of the tube to be passed from the nose to
the last rib of the animal. Mark the length with a per-

manent marker. Apply a small amount of lubricant to
the tip of the red rubber catheter but avoid lubricating
the holes toward the end of the tube. One should be
trained in this technique to avoid accidentally placing
the twbe into the trachea. The gavage tube is passed
into the esophagus to the stomach, while the animal
is held ventral-side down in a normal position. If the
head is pulled upward or the neck bent downward
forming a right angle to the body, the be may be
accidentally placed into the trachea and the food
delivered into the lungs. If the food enters the lungs
the animal will quickly asphyxiate and die. This can
be avoided by keeping the head and neck normally
positioned. If the animal is overfed or regurgitates
during feeding, it may lead to aspiration preumonia
(Huckabee 1999-2000; PAWS 2001),

FEEDING AND HUSBANDRY TIPS

The animals may be dish fed if they are sirong
enough 10 eat and their eyes are open. The raccoon
mush is a good choice for dish feeding because the
animals are able to eat it easily.

After each feeding be sure to stimulate the
neonates to urinate and defecate. This is done by
gently rubbing their genital and rectal areas using &
moist soft cloth. This should stimulate them to defe-
cate and urinate. It is important to perform this with
young animals until they begin to urinate and defe-
cate on their own, at approximately three to four
weeks of age (Huckabee 1999-2000; PAWS 2001).

In addition to formula feedings, the raccoons are
given solid food items when they are 400 g in
weight. Tables 25.]1 and 25.2 provide details on for-
mula feeding, housing, and adding solid food to the
diet.

HOUSING

Raccoons housed alone become very lonely and
shoutd be given a stuffed animal and extra towels 10
help them feel secure until the single animal can be
introduced to a conspecific (same species) (PAWS
2001). Raccoons also hike to sleep above the
ground; therefore, providing harmmocks hanging in
all of their enclosures is important to simulate their
natural environment. They may occasionally use
kitty litter boxes, which can be placed in the kennels
and enclosures for the animals that choose to use
them. The best setup is to hang a hammock toward
the rear of the crate with a litter box beneath the
hammock. The food and a secured water dish can be
placed in the front of the crate near the door.
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Table 25.1 Raccoon Feeding Formula and Housing Guide

Housing Weight Amount per Feeding No. Feedings/day
Incubator
100g 5.0 ml 6
150 g 6.5 ml 6
200 ¢ 10 ml 5
250g 12 ml 5
g 13 ml 5
350g 15 mi 5
400 g 17 mi 5
430 g 18 ml 5
Place in aquarium with heating pad half way under the aquarium in a warm room
00g 25 ml 4
1004200 size crates/kennels with hammocks in a warm room
5508 27 ml 4
600 g 28.5ml 4
2004300 size crates with hammocks 1n a8 warm room
650 g 305 ml 4
T g 32 mi 4
750 g 34 mi 4
800 g 36 ml 4
2007500 sized crates with 2 hammock in an area free of drafts, but stll indoors
850 g 37 ml 3
900 g 39 mi 3
950 g 40.5 m! 3
1000 g 42 m! 2
1050 g 43 ml 2
1100 g 44 ml 1

Secure enclosure, indoors; crates and hammocks should be available for the animals to use freely

1200 g

1300 lg Weaned

Should be fully weaned

Source: PAWS (2001).

Raccoon enclosures must be cleaned at Jeast once a
day, but they generally require more frequent clean-
ing throughout the day because these animals can be
very messy.

VACCINATION AND DEWORMING
PROTOCOLS

Upon their arrival at the rehabilitation center, we
determine the age and stabilize the patients. Once the
animals are stable (this may be the next day or 50),

we initiate vaccinations and deworming according to
the following schedule (PAWS 2001; Plumb 1998).

Deworming

Use Nemex-2, concentration 4.54 mg/ml. with
dosage of 10 mli/kg orally. Give on arrival if the ani-
mal is two weeks of age (over 200 g) and repeat
every 14 days for a total of four treatments. [Note:
Do not deworm with Panacur (fenbendazole)—see
Toxicity below.]



Racroons

195

Table 25.2 Raccoon Sotid Food Addition Guidelines

Body weight Solid food added to diet

400-800 g Provide raccoon mush

850-1500 g Provide soaked puppy chow with small amounts of cut fruit

1525-2000 g 1/2 soaked puppy chow with 1/2 hard puppy chow, small pieces of cut fruit, fish, and
vegetables

2000+ g Provide hard puppy chow, live prey items (mice, fish), fish, fruits, and vegetables.
Fruits and vegetables should only comprise 10% of the diet at this point

Vaccines find their way into an aberrant host they will not

The following vaccines are recommended complete a normal life cycle and begin abnormal

{Huckabee 1999-2000; PAWS 2001):

1. Fervac vaccine (a distemper vaccine manufac-
tured for ferrets by United Vaccines). Dosage:
1.0 ml administered subcutanecusly. Frequency:
give on arrival if the animal is six weeks of age
(over 850 g) and repeat every 21 days for a total
of four injections.

2. Biovac Mink Enteritis Virus vaccine (KV) by
United Vaccines. Check administration instruc-
tions on vial for dosage and frequency.

3. Feline Panfeukopenia Vaccine. Feline pan-
leukopenia vaccine is generally purchased as
part of a combination vaccine with other viral
diseases. Only administer the panleukopenia, the
liquid pottion, and dispose of the vial containing
the dry material that is the other vaccine portion.
Dosage: 1.0 ml administered subcutaneously.
Frequency: give on arrival if the animal is six
weeks of age (over 850 g) and repeat in 30 days
for a total of two injections.

COMMON MEDICAL PROBLEMS

Parasites

[Note: Always wear gloves when handling raccoons
because of the potential zoonotic and detrimental
effects of Baylisascaris.]

Gastrointestinal Parasites (Endoparasites)

Baylisascaris procyonis is a roundworm (nema-
tode), the eggs of which are shed in the feces and
can be transmitted to all mammal species via the
fecal-oral route. Raccoons are definitive hosts for
this parasite, which means that the worm can
progress through a normal life cyele and reproduce
in this species only. Raccoons live normal lives with
this parasite, but other mammals cannot. If the eggs

migrations through the host’s organs. They can
migrate anywhere, including into the brain, thereby
causing abnormal neurological signs, which can be
fatal. In & fecal float, the eggs of this worm species
resemble most other roundworm eggs and can be
definitely diagnosed by histopathology. Treat
roundworm infections with Nemex (see instructions
under Deworming, above) (Bowman 1999; Plumb
1998).

As with any endoparasites, fecal analysis will
determine therapy. A fecal examination by direct
smear and a float to determine worm infestation is
part of a normal workup. The direct smear may be
stained with lugol (iodine) stain for identifying gia-
rdia. If giardia is suspected and not seen on direct
float, a fecal sample may need to be submitted to a
veterinary diagnostic laboratory for apalysis.
Coccidia, a protozoal endoparasite, is treated with
Albon at an initial dose of 55 mg/kg once, then at a
dose of 27 ma/kg once a day for ten days, Giardia is
treated with metronidazole (Flagy!) at a dose of 15
mg/kg once a day for five to seven days. If tape-
wormns are found, give a dose of praziquante!
(Droncit) based on current weight and recommend-
ed dose on the bottle of the drug (Bowman 1999;
Plumb 1998).

In young raccoons coccidia and nematodes will
be the most common endoparasites seen.

Ectoparasites
Ringworm

Ringworm is contagicus to humans, Always wear
gloves when handling/treating an animal snspected
of having ringworm. It is a fungal diseasc and the
lesions are characterized by a reddish ringed worm
appearance on the skin in an area of alopecia.
Diagnosis is by clinical signs and doing a DTM
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(dermatophyte type medium) culture, which can be
obtained from a local veterinary diagnostic labora-
tory. Consult a veterinarian for treatment. Griseo-
fulvin ultramicrosize has been wsed successfully at
an oral daily dose of 5-10 mg/kg for a minimum of
three weeks (Bowman 1999; Plumb 1998). 1t is not
as commonty diagnosed in raccoons as it is in foxes
and bears (Bowman 1999).

Mange

If the animal presents with alopecia (fur loss)
always perform a skin scraping to rule out sarcoptic
or demodectic mange. Sarcoptic mange is caused by
sarcoptes mites, small arthropods visible by micro-
scope. Clinical signs are diffuse alopecia +/- patch-
iness of the fur. Diagnosis is accomplished by
having your veterinarian do a skin scraping.
Treatmeni is with ivermectin injections (0.300
mg/kg SQ) repeated every 14 days. It may take up
to five treatments 1o resolve. Discuss dosages with a
veterinarian if you have any questions (Bowman
1999; Plamb 1998).

Demodectic mange is caused by a mite in primar-
ily immunodeficient animals. Clinical presemation
may be focal or diffuse and is seen as areas of alope-
cia with crusty scabs. Diagnosis is by skin scraping
and viewing under the microscope. The mites
appear like small cigar-shaped creatures with eight
waving arms. Treatment is with Goodwinol topical
ointment or dips with amitraz (Mitaban, Pharmacia
& Upjohn, Kalamazoo, MI). Ivermectin injections
may also be used in the treatment (see dose men-
tioned above). Diffuse demodecosis is difficult to
treat, and if incurable may lead to euthanizing the
animal {Bowman 1999; Plumb 1998). It is not as
commonly diagnosed in raccoons as it is in foxes
and bears (Bowman 1999).

Fleas and Ticks

Ticks can be found in debilitated animals and
should be removed using a hemostat clamp.
Generally a very small number of ticks may live on
the animal but they should not be present in over-
whelming numbers. If that Is the case, they are a
result of the animal being debilitated, The animal
may need to be dipped with a veterinary-approved
tick dip to eliminate all ticks. Be sure to use a prod-
uct safe for young animals {Bowman 1999).

Fleas occasionally may be present and if they are
in large enough numbers, a light flea bath or dusting
with flea powder, preferably a pyrethrin-based prod-
uct may be used to treat them. Diluted Permectrin I¥

(Boehringer Ingelheim) works well. Dilute it by
using 3.5 ec Permectrin I to 1500 m! water,

One of the safest ways to treat is to place a small
amount of dust on a towel, remove the excess pow-
der. and use the towel o rub the animal’s torso, legs,
and feet, avoiding the head and face. With the babies
use only a minimal amount. If the animal has an
adverse reaction {respiratory distress, bleish gums),
immediately bathe the animal and remove the flea
product. With animals that react to the powder, use
a flea comb to remove fleas and lightly dust the
underside of the kit's bedding. Be sure to monitor
the kits for adverse reactions before leaving them
overnight with the powdered towel.

Toxicity

A fenbendazole toxicity has been suspected in some
rehabilitated raccoons. It causes imtestinal lesions
that are similar histopathologically to parvoviral
lesions as seen in canids. Fenbendazole may be used
judicionsly for individual cases under veterinary
care. Raccoon kits receiving this drug should be
monitored for adverse side effects (severe diarrhea,
vomiting, lethargy) (PAWS 2001).

Preputial Sucking

Management problems include preputial suckling
on themselves or by conspecifics. The urge to suck-
le is strong in many of the young neonates and if
they are not with their mothers, they mistake the
preputial structures as nipples and suckle on them.
This results in inflammation, irritation, and possibly
infection of the prepuce (Huckabee 1999-2000), If
this is noted keep the preputial area clean with dilute
chlorhexidine (Nolvasan) solution and apply topical
agents such as Panalog cream, Desitin, or silver sul-
fadiazene 1o the area affected two to four times a
day. The animals may need to be housed individual-
ly until the skin is normal because of the common
problem of other individuals licking off the topical
medication. However, this creates a vicious cycle of
the problem because the litle kits may stress if
housed alone and continue to suck on this area. A
number of wraps have been attempted to avert the
kits from suckling but raccoons are very adept at
removing most wraps from their bodies, even at a
very young age (Huckabee 1999-2000; PAWS
20401).

If the problem is treated early on, there is a better
chance of healing. Rarely a kit cannot be treated suc-
cessfully, becomes septic, is unresponsive to treat-
ment, and may need 1o be hurnanely euthanized.
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Metabolic Bone Disease

Metabolic bone disease (MBD, rickets, osteomala-
cia, and a number of other names} is the result of a
number of abnormalities and imbalances involving
many complex endocrine pathways, improper nutri-
tion, and husbandry mismanagement (Ettinger and
Feldman 1995). Basically, it is an imbalance of cal-
cium, vitamin D, and phosphorus causing bones to
become flexible and bendable, and can lead to fold-
ing fractures of the long bones. Clinical signs
include lameness, fractures, bone deformities,
reluctance to move or walk, painful joints/bones on
palpation, and anorexia (Ettinger and Feldman
1995). Diagnosis in young animals is generally
achieved with a thorough physical exam and radi-
ographs.

Treatment depends oh the age of the animal,
duration of the metabolic problem, and the clinical
signs, Calcium injections, vitamuin D (orally}, and
proper diet are primary treatment regimens.
Therapy with medication should be under the direc-
tion of a veterinarian. If corrected early, the animal
may vecover and the bones remodel to normal con-
figuration, if the discase has progressed, it may not
be reversible and the animats must be euthanized
(Ettinger and Feldman 1995; Huckabee 1999-2000;
PAWS 2001).

Bloat and Indigestion

Young raised on formuia may develop bloat and/or
indigestion Ettinger and Feldman 1995; PAWS
2001). Episodes of gastritis can be caused due 10
diet (spoiled formula, inappropriate formula, aller-
gies), infectious etiologies (bacterial, viral, para-
sites), or toxins. In babies it is generally due to
dietary or infectious agents. Inmitial signs include
bloated or distenided abdomen, abrormal fecal out-
put or abnormal feces, restlessness, and decreased
interest in suckiing or eating. It is criuical to assess
the animat early in the disorder to correct the prob-
fem and avoid secondary complications {dehydra-
tion, weight loss, bacteria! infections. shock, death),
which can ensue quickly in a neonate.

Diagnosis is by exclusion of other potential prob-
lemns, Fecal exams as outlined above under Parasites
should be done, along with a thorough physical
examination and radiographs to assess for abnormal
organ pattem,

Treatment is straightforward for simple indiges-
tion. Provide fluid support via subcuaneous fluids
{see Shock and Dehydration below) and withhold

feeding for one or two feeds. Fluids should be con-
tinued for the duration of time that formula feeding
ts withheld. Be sure 1o stimulate the kit periodically
to encourage passing of stool and urine. If the kit
is stable, modify the formula and feed the less-
concentrated formula that the kit was fed prior 1o
presenting with bloat for a number of feeds. Then
slowly increase the concentration of formula to the
appropriate formula for the animal’s weight level.
Therapy may include pink bismuth (Pepto-Bismol),
at a dose of 1 mlA10 1b (1 mi/4.5 kg} orally twice
daily (Plumb 1998). We also use simethecon drops.

If the kit does not improve within a few hours and
the bloat is not subsiding, or it rebloats, a velerinar-
ian should assess the animal for further diagnostics
and treatiment.

Trauma

Generaily, most young raccoons do not present with
significant trauma: however, the possibility of anack
by other animals or being hit by a vehicle exists,
When a young raccoon prescnts to your facility, per-
form a thorough exam and check for fractures of the
skull, spine, iong bones, jaws, and teeth, Often a
predisposing cause to trauma is canine disternper
virus (see below), which may occur even in young
£ACCOONS.

Check the skin for evidence of wounds (lacera-
tions, bite wounds, or bruises). Bite wounds and iac-
erations can be treated by cleansing the wounds
with dilute Nolvasan solution and rinsing with phys-
iologic saline solution (0.9% saline). Bite wounds
should be left open and draining. while lacerations
may require drain placement and/or sutures. A vet-
erinarian can assist with these procedures.
Subcutaneous fluid therapy and broad-spectrum
antibiotics (amoxicillin or cephalosporins at 10
mg/lb) may be required depending on the extent of
trauna (PAWS 2001; Plumb 1998).

For more severe irauma (blood in the ear, epis-
taxis), a veterinarian should be consulted for evalu-
ation and a trcatment plan. If the animal is having
seizures, the underlying causc needs 1o be deter-
mined and corrected or treated. Causes include head
trauma, hypoglycemia, sepsis, or infectious diseases
(see all below). Initial treatment for seizures is
diazepam 0.3--1.0 mg/kg (Piumb [998). It may be
given intravenously or per rectum. Delivery of the
drug rectally may be quicker to administer to a seiz-
ing patient. Until a veterinarian can examine the
animal, keep it warm and well hydrated (8Q or IV
fluids) and monitor attitude and neurologic signs.
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The animal may not be aware enough to eat and
swallow, so do not offer food for a few hours until it
can be stabilized and further evaluated (Ettinger and
Feldman 1995; Morgan 1992; PAWS 2001).

Fractures

During an initial physical exam, check the skull and
mouth for any cranium, tooth, or jaw fractures.
Cranial fractures may not be repairable, but jaw and
tooth fractures can be repaired. Proper alignment of
the jaw is fairly important so that the animal is capa-
ble of killing and eating well. Palpate the ribs and
other bones for any abnormalities in bone integrity.
If any fractures are evident or suspected, radi-
ographs should be taken, once the animal has been
stabilized. Long-bone fractures may require stabi-
lization {e.g., Robert-Jones bandage) by an appro-
priately trained individual until further veterinary
care is available,

Most fractures in young animals will heal well
with proper treatment. Radiographs should be
reviewed by a veterinarian who can then formulate
an appropriate treatment plan.

Diarrhea

Diarthea is defined as “an increase in the frequency,
fluidity, or volume of feces” (Ettinger and Feldman
1995). Diarthea can be characterized as acute or
chronic and must be differentiated as originating in
the small versus the large bowel. Most of our
patients with diarrhea have the acute form, which is
caused by problems in either the small or large
bowel. Initial treatment of diarrhea. until it can be
further characterized, is fluid therapy, diet change,
and gastrointestinal protectants (see treatment sec-
tion below). It is best to hold off on antibiotic ther-
apy initially, and attempt supportive care and diet
change to correct the diarthea. Most therapies suit-
able for young domestic dogs would be appropriate
it young raccoon Kits as wel! (i.e., Pepto-Bismol at
1 ml/10 b [4.5 kg! crally two to three times a day,
and cimetidine 7-10 mg/kg PO, SQ, IV two to three
times daily) (Ettinger and Feldman 1995; Plamb
1998).

Causes: Acute diarrheas in young animals gener-
ally are caused by parasites, inappropriate formula
or feeding methods, medications, and toxins.
Chronic diartheas may be caused by uncorrected
acute diarthea problems and rectal anatomical
abnormalities (strictures, masses} and can be seen in
our younger patients with infections (salmonella,
clostridial), ulcers (duc to stress or tranma), or tox-

ins, Clinical signs include dehydration, bloated
abdomen, ioose/runny stool, fever, pain on abdomi-
nal palpation with gaseous bowel loops, weight loss,
and tenesmus (Ettinger and Feldman 1995; Morgan
1992).

Diagnostics: Fecal analysis (direct and float),
hemacccult fecal tests, CBC, radiographs, fecal
cytology, and fecal cultures may be mecessary to
determine the cause and characterize the type of
diarrhea (Ettinger and Feldman 1993).

Treannent: Treatment should be targeted at the
underlying cause of the diarthea. Young and baby ani-
mals should have diets reviewed and corrected and be
given SQ fluids—crystalloids at appropriate dehydra-
tion/shock/maintenance rate until they can be placed
on the appropriate diet and clinical signs resolve. A
veterinanian should calculate the amount of fluids
necessary to treat the raccoon, but approximately
60-90 ml/kg/day of erystalloids (Normesol-R or lac-
tated Ringer's solution) delivered via TV catheter is
reasonable. The young raccoons may require broad-
spectrum systemic antibiotics (Clavamox, 13.75
mg/kg PO BID for seven to ten days or metronidazole
at 15 mg/kg PO SID for five to seven days) if they are
compromised and appear debilitated (Plumb 1998).
Fecal examinations should be done on all patients
with diarrhea and appropriate anthelminth therapy
instituted (see Endoparasites above). Fluid therapy
and correction of formula are the primary mecha-
nisms to correct most of the acute diarrheas we see in
babies and juveniles at the wildlife center,

Chronic diarrtheas are more difficult to treat,
Abdominal radiographs should be done. If parasites
and dietary problems/indiscretion have been ruled
out and the diarrhea is persistent, the veterinarians
should reassess the patient and decide on the next
course of diagnostics and therapy. Maintaining fluid
balance and correcting for dehydration and ongoing
logses should continue in the patient (e.g., ongoing
fluid therapy IV, PO, S at appropriate fluid rates)
(Ettinger and Feldman 1995).

Hypoglycemia

Young animals have higher glucose requirements
than most adults of their species {Ettinger and
Feldman !995; Morgan 1992). The increased
requirement is important as 2 source of energy for
maturing metabolic functions, growth, and mainte-
rance of normal blood glucose (BG) levels. They
utilize all nutrients faster because of accelerated
growth rates at young ages. It is important to restore
and continue to meet their BG needs.
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Clinical signs of hypoglycemia may be noted if
the blood glucose (BG) is less than 60 g/dl. Animals
may appear hungry, show signs of ataxia, or have
small seizyres that may escalate and lead to loss of
consciousness. Initial therapy is te quickly apply
Karo syrup to the gums and then give dextrose via
gavage tube (orogastric tube), subcutaneously, or
intravenously. If giving dextrose 8Q, remember to
give only a concentration of 2.5% dextrose. In most
wildlife neonatal patients, it can be difficult to place
an IV. An intracsseous catheter may be placed by a
veterinarian, if the animal is severely dehydrated or
hypoglycemic, in order to deliver fluid therapy.
Ongce a catheter is placed, administer 5—-10 mlkg of
a 20% dexirose solution, which may be diluted from
a 50% solution using a ration of 2-ml sterile saline
to 1.5 ml 50% dextrose. Give this amount IV at 2
steady pace. Begin an IV drip of LRS or Normosol-
R with an appropriate amount of dextrose added to
the fluid bag to make a 2.5-10% or even up to a
20% solution of dextrose. Remember you can only
give up to a 2.5% dextrose SQ but it is acceptable to
give higher concentrations of dextrose intravenous-
ly if warranted. Initially recheck the BG level with-
in the first two hours of therapy (using a different
vein than the one with the catheter) and modify the
amount of dextrose in the fluids to accommodate the
change in BG [evels. If the dextrose drip is not
maintaining and/or increasing, or normalizing the
BG level, give another bolus of the 20% dextrose
solution as outlined above. Once the BG has been
corrected and the animal is stable, proper manage-
ment with environmental control, nutrition, and
additional 3Q fluid therapy can normalize the
patient. Young raccoons will generally normalize
with 2 minimal therapy/intervention and maintain
their BG level once placed on a well-balanced diet.
If simple intervention does not bring them to a nor-
moglycemic state, then a veterinarian should be
involved in establishing a treatment plan (Ettinger
and Feldman 1995; Morgan 1992).

Septicemia

Septicemia is a problem manifested as a systemic
infection generally carried throughont the body via
the bloodstream (Ettinger and Feldman 1995;
Morgan 1992). The animal may or may not be
febrile. Generally they are lethargic, weak, inappe-
tent, may have difficulty breathing, and have pale
mucous membranes. This can be caused by condi-
tions of overcrowding, infections, inappropriate
nutrition or antibiotics, or wounds that are not prop-

erly treated. Diagnosis is via clinical signs, a com-
plete blood count, and a blood glucose level. The
CBC will generally indicate a severely elevated or
decreased white blood cell count. The blood glucose
level will usually be low (below 60 g/dl).

Immediate supportive care should be initiated
with fluids (see Anemia below), warmth, and broad-
spectrum  antibiotics (trimethoprim sulfa or
Clavamox, see doses in Anemia below) (Ettinger
and Feldman 1995; Morgan 1992; Murtaugh 1994;
Plumb 1998). The animal may need aggressive care
and veterinary evaluation. We have not seen this as
a common problem in raccoon kits, but if you sus-
pect this problem, have a veterinarian evaluate the
animal immediately and formulate a treatment plan
for the individual animal.

Shock and Dehydration

Shock is usually a result of trauma, disease, hypo-
glycemia, or severe mainutrition in wildlife patients.
An affected animal may present with severe hypov-
olemia and possibly hypoglycemia (see Hypo-
glycemia above). Animals may have pale mucous
membranes and glazed/glassy-appearing eyes, may
be recumbent, and may have an elevated temperature
and a prolonged capillary refill time. If animals pre-
sent with head trauma, they may have seizures, slip
into a coma, or have problems thermoregula-
ting (Morgan 1992; Murtangh 1994; PAWS 2001).
For more information, see Shock/Dehydration in
Chapter 22.

Infectious Diseases

Canine distemper virus {(CDV), parvovirus, and
rabies virus have been seen in raccoons.

Canine Distemper Virus

Camine distemper virus is a paramyxovirus. It is
transmitted via aerosolization (respiratory secre-
tions) and invades epithelial cells, entering via the
respiratory tract. This is a very serious disease, gen-
erally with a grave prognosis. Young, unvaccinated
animals between three to six months old are most
susceptible and affected. The “virus can be excreted
for 60-90 days.” It is suscepuble to most veterinary
disinfectants (Ettinger and Feldman 1995; Greene
1998).

CDV causes a variety of clinical signs including
weakness, lethargy, inappetence, diarrhea, respira-
tory signs, mucopurulent oculonasal discharge.
hyperkeratosis of the foot pads, and, as the disease
progresses, neurclogical signs with characteristic
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retinal abnormalities in the eye. Initial nonspecific
clinical signs begin two to four days postinfection
with more severe signs occurring within a week. If
you suspect the kit has distemper, it should be iso-
lated and evaluated by a veterinarian for diagnosis
and treatment. Treatment is often unrewarding and
recovered animals may shed the virus, thereby
infecting other animals. Usually, animals diagnosed
with canine distemper are humanely euthanized
{Convy 2001; Ettinger and Feldman 1995; Greene
1998; Morgan 1992).

Towels, blankets, kennels, food bowls, enclo-
sures, toys, or other items should be completely dis-
infected before being used for any other animal.
Allow the enclosure/kennel space to air out for
48-72 hours before putting another animal into the
enclosure (Greene 1998).

Prevention is vaccination. See schedule under
Vaccipation Protocols in Chapter 22.

Parvevirus (Canine Viral Enteritis)

Parvovirus is a DNA virus that “‘requires rapidly
dividing cells for replications” (Greene 1998). The
virus is quite resistant in the environment and is
spread from contact with feces or oronasal secre-
tions of infected animals. The virus will also attack
lymphoid tissue causing decrease of white blood
cells. Clinical signs include severe lethargy, foul
smetling hemorrhagic diarrhea, and vomiting. The
clinical signs have a rapid onset and the animals can
fait quickly. The myocardiutm of the heart may also
be affected causing cardiac disease. Depending on
the level of cardiac involvement, the kit may die
suddenly from this virus. Kits exhibiting any of
these signs should be treated by a wveterinarian
{Ettinger and Feldman 1995; Greene 1998; Morgan
1992).

Diagnosis is via a canine parvovirus CITE snap
test using a fecal sample. The test is specific and
sensilive for this virus. The test is available through
most veterinary drug distributors. If an animal is
positive on the CITE test, isolate the animal from
other carnivores in a warm temperaturc-contsolled
room and copsult with a small-animal veterinarian
to establish a treatment plan and assess the animal
periodically (Ettinger and Feldman 1995),

Animals can be treated successfully if therapy is
started early in the disease process or as soon as the
diagnosis is confirmed. If the animal improves and
recovers. it should be isolated from other raccoons
as well as camivores for at least two weeks. The kit
will continue to shed the virus for that amount of

time and ¢an transmit the virus to other vulnerable
animals (Ettinger and Feldman 1995).

All towels, blankets, kennels, food bowls, enclo-
sures, toys, or other items should be compietely dis-
infected before being used for any other animal.
Allow the enclosure/kennel space to air out for
48-72 hours before putting another animal into the
enclosure.

Preventicn is vaccination. See schedule under
Vaccination Protocols in Chapter 22,

Rabies Virus

Rabies is an RNA virus that is easily killed by a
variety of disinfectants nsed in animal and veteri-
nary facilities (Ettinger and Feldman 1995; Greene
1998). This virus is transmitted via saliva from hite
wounds of infected animals. The virus affects the
central nervous system (CNS) and causes aberrant
neurological behavior usually exhibited as severe
aggression.

If rabies is suspected, the animal is euthanized and
the head submitted to a special lab for rabies testing.
If rabies is suspected and the animai bites someone.
it should be immediately humanely euthanized and
the head submitted for special lab testing (Ettinger
and Feldman 1995: Greene 1998), If someone was
bitten or in contact with the animal’s saliva, the per-
son should see a physician immediately and begin
prophylactic shots for exposure. This is a fatal discase
if not treated immediately once someone has been
exposed. Your Jocal public health office should be
informed immediately if you suspect an animal is
rabid and you plan to euthanize it

All staff members at a facility that accepts mam-
mals to raise and/or release should have prophylac-
tic rabies vaccinations done with the guidance of
your local public health officer.

Rabies virus lives in wild mammal populations
throughout the United States (except in Hawaii).
There are different wildlife reservoirs of the virus in
different areas of the United States. Raccoons,
skunks, foxes, dogs, and bats (migratory) are the
primary wild and domestic animals that carry rabies
in this country. A level of enzootic infection is main-
tained in various wild animal populations. Problems
arise in an area when an epizootic or epidemic
occurs in an area. When this occurs, it's possible 1o
see an increase in the carnivores presenting 1o
wildlife centers {Greene 1998).

While most of the young neonates that you may
see will not have rabies, there is a chance a juvenile
raccoon that is positive for rabies may present to your



Raccoons 201

facility and may have signs of a rabid animal. There
are two forms of rabies: the furious form, with
which most people are familiar, and the dumb/para-
lytic form that seems to allude many individuals,
including many practitioners. Clinical signs of the
furious form are change in demeanor/personality,
excessive licking of the bite wound site, and anxiety,
which lasts for approximately a week. Animals
exhibit a fear of water because they cannot swallow
and therefore cannot drink. They drool excessively
for the same reason. The paralytic form is seen as a
lower motor neuron paralysis from the site of the
bite and progresses along the nerve until it reaches
the CNS and lasts about two to four days. Animals
occasionally exhibit choking during this phase, but
it is actually a paralysts of the laryngeal nerves. Do
not place your hand in the animal's mouth without
protective gloves if you attempt to refieve a choking
situation (Greene 1998).

For safety purposes, any towels, blankets, toys, or
other items should be disinfected and thrown away.
Kennels, water bowls, and food bowls should be
completely disinfected before being used for any
cther animal. Allow the enclosure/kennel space to
air out for at least 48 hours before putting another
animnal into the enclosure.

Ocular Lesions

Eye problems include cormeal ulcers. cataracts, for-
eign bodies, proptosed globes, and lens luxations
{all due to traurna) and should be evaluated by a vet-
erinarian and possibly a veterinary ophthalmologist
(Huckabee 1999-2000; PAWS 2001; Slatter 199Q).

Vomiting

Vomiting in young animals may be the result of
ingesting foreign objects. from inappropriate
dietary formulation or spoiled diet, medications,
infectious agents, ulcers, heat siroke. or metabolic
abnormalities {(Ettinger and Feldman 1995).

Vomitus should be inspected for blood or a coffee
ground consistency. The presence of blood or coffee
ground material would indicate a severe problem
and treatment plans should be conducted under the
direction of a veterinarian (Ettinger and Feldman
19595).

Generally, one simple episode of vomiting can be
treated by withholding food for a short period of
time, giving SQ fluids to the kit, correcting the diet
(provide a bland diet that is fresh), and monitoring
for continuing signs (Ettinger and Feldman 1995). If
the animal continues to vomit, a veterinarian should

evaluate the animal and provide an additional ireat-
ment plan. Expicratory surgery may be necessary to
correct the problem, especially if a foreign body is
causing the vomiting.

Anemia

Anernia is not a disease, it is a symptom. It is a
decreased number of red blood cells in the biood, as
reflected by measuring packed cell volume (PCV)
and red blood cells (RBC) (Cotter 1993). Clinical
signs include pale mucous membranes, dyspnea,
tachycardia, and weakness, and may be further
complicated by epistaxis, hematvria, continved
hemorrhage, melena, and hematoemesis, Many of
these signs are directly related to the decrease in
oxygen delivery to the tissues by the resulting
decrease in RBC (Cotter 1993: Morgan 1992). A
veterinarian should examine the anemic patient,
determine & cause and establish a treatment plan
complete with parameters for monitoring the ani-
mal’s progress. For more information, see Anemia
it Chapter 22.

RELEASE CRITERIA

Behavior should be assessed continually during the
development and growth of the raccoons while
undergoing rehabilitation. Proper steps must be
taken to keep the raccoons wild and afraid of
humans (no taiking when working in raccoon areas,
minimal and necessary handling only, no playing or
hand feeding the animals, etc.). Experienced staff or
personnel should evaluate the animals regularly for
kealth and human fear.

For optimal chances of survival, the animals
should weigh a minimum of 3500 g prior to release.
The juveniles must be fearful of humans and be able
to forage and hunt live prey successfully. The rac-
coons should be released with conspecifics into an
unused shed or barn with natural foods available in
the immediate surrcundings. Water access is vital in
a release site, and water should be easily accessibie
{creeks are favored). If the ammals are soft released,
supplemental feedings will be necessary. If the ani-
mals are hard released, leave puppy chow at the
release site. Release the animals at the original site
they were found whenever possible. It is preferable
1o refease antmals at dusk or in the evening (PAWS
2001).
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Ferret Kits

Vickie McKimmey

INTRODUCTION

It is extremely difficult 10 hand rear ferret kits from
birth without a good supply of ferrel milk and 24-
hour-a-day attention. If the jill is unable to care for
her offspring, they should be fosiered to another tac-
tating jill if possible. This is highly recommended
and it i5 also recommended that you work closely
with other breedets in order to know who has a lac-
tating jill if the need would ever arise. Most jills
accept kits of any size or age at any stage of lacta-
tion, It's best if the kits are no more than one week
different in age, since the larger kits will tend to
push the smaller, younger ones away. Jills can suc-
cessfully rear more kits than she has nipples for by
rotating the Kits as they nurse and sleep.

HOUSING AND FEEDING TIPS FOR JILLS
AND METHODS TO MAXIMIZE GOOD
PARENTING

Experienced jills rarely reject their kits, but first-
time jills often do. They may not mother their litter
far several days, which is too late for many kits that
are not aggressive enough to follow the jill and
nurse. The more privacy these jills have, the more
likely they are to bond with their litter. Handling of
the kits does not cause the jills to reject their ligter,
but unusual noise and confusion nearby do. Ferrets
get very excited and may bury the kits in the bed-
ding or put them in a pile in a corner of the enclo-
sure or in food or water containers. Some jills can-
nibalize the first few or all of their kits as they are
bom,

If a first-time jill rejects but does not cannibalize
her Kits, place her and the litter inside a very small,
full plastic bottomed cage only large enough for her
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litter box and a dishpan with bedding for the next
box. Offer moist food frequently and attach a water
bottle. Do not let her have too much room and keep
her in close quarters with the kits. This sometimes
helps her 1o cancentrate, allowing her to more read-
ily accept her litter. Once she accepts the kits, the jill
can be allowed to move around more freely: how-
ever, some young jills get out to play and seem to
forget their young.

If the room temperature is too warm, over 70°F
(21°0), the jill may be reluctant to stay in the nest.
To avoid accidental chilling of the kits, place a heat
lamp near but not directly over the nest so that the
jill can move away from it when she becomes oo
warm.,

Jills that fail to produce enough milk to feed their
kits may be genetically incapable of doing so.
Before this con¢lusion is made, at least four vari-
ables should be examined: management, nutrition,
systemic diseases of the jill, and chronic mastitis,

First-time jills or older jills that are poorly man-
aged at whelping time may never settle down with
their newborn kits and quickly dry up when the
stimulus frem nursing is inadequate. Make sure the
jill is housed away from unaccustomed noisy activ-
ity, and unti] the litter is more than five days old,
discourage visits by people unfamiliar to the jill, A
good mother rarely leaves the nest for the first few
days after whelping. Inadequate access to food and
water limits the jill's ability to make milk. Low-
sided dishes of food and water should be placed
close enough to the nest so that the jill can reach
them without leaving her kits.

Nutrition determines the ditference between ade-
quate and ouwtstanding milk production. Jills fed a
maintenance diet raise slow-growing kits with poor
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coats that are more susceptible to infectious dis-
eases than well-nourished kits. Three-week-old kits
that are daing poorly benefit from milk and moist
food supplements, but nothing ensures that kits will
be healthy and robust as much as a steady and plen-
tiful supply of ferret milk. Offer the best quality diet
available to lactating jills; the dietary fat level
should be 25-30% at two to three weeks after birth.
High protein (min 34-36%) and high fat (min 20%)
is about the best you can get with any dry diet.
Supplementing with a milkshake using Ensure Plus,
whipping cream, a whole egg, or Nutrical (Tomlyn
Co.). or even offering Hill’s AD or Nutrical from the
twbe is good 10 start twa to three weeks before birth
and continue afterward. Also. jills need access to
water at all times.

Nursing jills with serious systemic diseases stop
producing milk. Their kits look thin and are noticed
crying and moving around instead of nursing or
lying quietly next to the jill. The common reasons
for a sudden reduction in milk production are mas-
titis and metritis. Other diseases that may appear
during nursing include bladder infections, urolithia-
sis, and lymphosarcoma.

If acute infections are promptly treated. the jill
usually continues lactating; however, if she is very
ill for a few days early in lactation. she will proba-
bly dry up. Feed the litter of a sick jill at least four
times 2 duy when their mother has little milk, but
leave them with her so that as soon as she is able to
produce milk the stimulus of nursing will induce
lactation. Later in lactation, the jili has a lesser ten-
dency to dry up immediately when sick or dehy-
drated. Whenever a lactating jill is ill, encourage her
1o take as much nourishment as possible by fre-
quently offering high-calorie treats such as Nutrical
or Ensure Plus (Ross) as well as her regular food,
dry or mixed with warm water, or even offer Hill’s
AD diet.

NATURAL HISTORY

Ferret kits are helpless, naked, and blind and have
little ability 10 maintain their body temperature for
the first two weeks of life. Normal kits weigh about
8-10 g at birth, 30 g at one week, 60-70 grams at
two weeks, and over 100 g at three weeks of age.
Their eyes usually open at 30-35 days of age,
although in some they open as early as 27 days of
age.

Healthy, normai litiers lie quietly and close to the
jill and nurse or sleep except when the jill leaves the
nest. By three weeks of age, even though their eyes
are still closed. kits begin to explore and nibble on

soft food, such as the regular diet moistened with
waler. Ferrets are weaned at six to eight weeks of
age,

WHAT TO FEED

Supplementing milk for the kits is often the best
alternative when the jilI's milk production is
reduced after birth. Leave the kits with her so that
the stimulus of nursing induces some lactation and
she can stimulate and clean them between feedings.
Supplement newborn kits with puppy or kitten milk
replacer enriched with cream until the fat content is
20%. One formula that works well is three parts dog
milk repiacer, such as Esbilac (PetAg) to one part
whipping cream.

NURSING TECHNIQUES AND AMOUNTS
TO FEED

You might have to teach the kit for the first feed or
two. Wrap its body in a towel, with its head pro-
truding. Do not have the kit on its back: hold it at
the angle it would naturally assume if suckling from
a jill. Handle it gently and talk sofdy. With a drop of
milk on it, coax the tip of the cannula {(BD Interlink
Cannula)nipple very gently into the kit’s mouth,
slightly off center. Be prepared to take plenty of
time over the first feeding. Do not force the kit if it
really does not take to the nipple, the more you
struggie, the worse you will make it. If the bottle
and nipple are not working, use a 1-3-cc syringe
with a feeding tip {or cannula}. Dribble the liquid in
very, very gradually and be extremely careful not to
choke the infant.

Kits drink much more if the milk is warm. Feed
them as much as they will 1ake at least four times a
day from a dropper or plastic pipette. Start by feed-
ing about 0.5 cc per feed and increase (o 1 cc per
feed by the end of the first week, but as a rule of
thumb let the Kit determine the amount.

A 3-cc feeding syringe or a syringe fitted with a
cannula works best until the kit is large enough to
handle nursing from a small pet nursing bottle. The
aim is 1o feed until the kit shows signs of refusing,
then stop. Do not overfeed, if anything, underfeed.
Feed amounts equal to approximately 10% of body
weight. If you see signs of diarrhea, you are over-
feeding either in strength of mixture or in quantity
of tota! liquid intake. Check for a steady weight gain
to ensure yon are feeding enough, but expect a loss
ot weight for the first day or (wo until the kit's sys-
tem gets vsed 10 the milk substitute and the shock of
being separated from its mother. The amount fed
will of course increase as the kit grows. Be aware
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that kits grow very fast. Be careful to never give so
much milk that the kit's stormach bloats. By three
weeks of age, the kit should be nursing approxi-
mately 6-8 cc of formula from the bottle. At that
point start feeding mitk or mush from a small bawl.

For the first week, feed every two hours, includ-
ing nights, Then gradually reduce the number of
nighttime feedings over the next couple of weeks.
By thice weeks of age, the feedings shouid be
adjusted to every three or four houts and you can
start offering the softened adult diet at this time.

Kits that have reached three weeks of uge can sur-
vive on supplementul feedings of milk, with no milk
from the jill, untii they are old enough to subsist on
solid food. Use the same formula as that for new-
bormn kits, and offer as much as they will take at least
three times daily. Feed three-week-old kits individ-
wally with a plastic pipette. dropper, or small animal
nursing bottle because at this age they crawl into
milk in a dish and get wet and cold. Older kits drink
well from a dish after a few lessons. A low flat dish
is preferable to a saucer because ferrets put their feet
on the dish when they eat or drink. Kits cannot live
on sclid food without milk unitil they are over four
weeks old, and they do poorly on an adult diet
before five weeks of age.

HUSBANDRY

Every time you feed, or shortly afterward, you must
stimulate the kit’s bowels and bladder because its
muscles arc not yet developed. Stroke the stomach
and back legs. Use a cotton ball or wash cloth
moistened in warm water to wipe its anogenital area
very gently until something happens—and it will
probably urinate und defecate almost simultanecus-
ly. It may not defecate after every feed, but yon
must make sure that it urinates each time. Kits will
start defecating and urinating on their own at about
three weeks of age, This is about the same time they
start eating mush and moving out of the nest box.

TIPS FOR WEANING FROM FORMULA TO
SOLID FOOD

Feed the mother's dry kibble softened with water.
Mix in a little AD Diet (Hills} to make i1 info a
*gravy.” Make it soupy at first and work up to just
softened. Do not feed fruit or vegetables, Ferrets are
strict carmivores and have a very difficult time digest-
ing carbohydrates. Exampies of good diets are:

High-guality dry ferret feed: Totally Ferret,
Zupreem, Mazuri Ferret, 8-in-1 Ultimate
(Performance Foods, Ing.)

High-quality dry kitten feed: Purina Pro Plan,
lams, Eukenuba

Canned diets: Science Diet Feline Growth, Hill's
AD

COMMON MEDICAL PROBLEMS
Hypothermia

If the jill is sick or a poor mother and the nest area
is not sufficiently warm, the kits may become
chilled. They chill quickly and do not attempt to
nurse when they are cold, Hold chilled kits in warm
water or place them on a heating pad until they are
active, If they have been extremely cold, give a few
drops of glucose solution orally. Dehydrated new-
born kits rapidly absorb 0.5-1.0 m! of SC fluids
warmed te body temperature.

When antibiotic therapy is necessary for newbomn
kits, the dose is only one of two drops of most
antibiotics. Amoxicillin must be diluted 4:1 with
water so that a dose sufficiently low for a baby kit is
obtained. Chloramphenicol formulated for I'V use is
effective orally in newborn kits.

Diarrhea

Diarrhea in newborn kits may be caused by
rotavirus, secondary bacterial agents, or bacteria.
Ferret rotavirus is not identical to rotaviruses of
human infants, pups, calves, and pigs. It is carried
by adult ferrets and may affect even unstressed lit-
ters that have no passive immunity. Rotavirus diar-
rhea is life threatening in kits one to seven days of
age. Older kits may not require treatment.

Kits with rotavirus diarrhea look wet and the hair
on the heads and necks is slicked down. Because the
jill licks away all evidence of diarthea, you many
ot recognize the problem. Newborn kits with
severe enteritis dehydrate rapidly. Most survive if
treated with sobcutaneous electrolyte solutions
(0.5-1.0 ml per kit several times a day} and oral
antibiotics for four to five days for the preveation of
secondary bactenal enteritis. Useful antibiotics
include amoxicillin, tylan, and chloramphenicol.

SOURCES FOR PRODUCTS MENTIONED

BD Company, | Becton Drive, Franklin Lakes,
NJ 07417; 1-201-847-6800; www.BD.com

Eigbt In One Pet Products, 2100 Pacific Street,
Hauppauge, NY 11788 or The Ferret Store:
www.theferretstore.com; 1-888-833-7738
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Hills Diets, 1-800-445-5777, RESOURCES

www.sciencediet.com American Ferret Association (AFA): www.ferret.org

Performance Foods, In¢., 3001 Industrial Lane, afa @ferret.org

#4, Broomfield, CO 80020; Ferret Central: FAQ’s at www.ferretcentral.org

www.totallyferret.com Just a Business of Ferrets: www.mindspring.com/
~jbferret jherret @mindspring.com

PetAg, 30 W. 432 Rt. 20, Eigen, IL 60120; For Ferrets Only. PO Box 1760, Dunnellon, F1 34430-

1-800-332-0877, 1-800-323-6878: www.petag.com 1760; 1-888-340-7671; wwwcraftycreatures com/

Ross Products Division, Abbott Laboratories, forferretsonly/contact.htmi

Columbus, OH 43215-1724; 1-800-986-8510;
www.abbott.com, Www.Iross.corn

Tomlyn Company, 711 §. Harding Hwy., Buena,
NJ 08310: 1-800-866-5582; www.tomlyn.com
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Exotic Felids

Gail Hedberg

INTRODUCTION

It 1s common for facilities with an exotic feline anpi-
mal collecuon to suddenly have a need for hand-
rearing protocols. Zoos, circuses, traipers for film
work and corporate collectors/displayers—all have
had a time when parental inability or mortality
leaves them with one or more newhorn cubs to raise,
Rejection during the neonatal period (initial lucta-
tion) is frequently due to the mother’s not being
physiclogically or behaviorally adapted to success-
fully rear her cubs. Hand rearing may also be a mat-
ter of choice rather than necessity if it is desirable to
socialize the animal for tractability. Conversely, an
injured or abandoned cub may require hand rearing
with an eye toward release into the wild as the goal.

If orphaned cubs are to survive, strict husbandry
guidelines must be observed. Stabilization includes
a complete physical examination to determine ihe
overail health staws. Appropnate supportive therapy
may be necessary t0 assist the animal's ability to
thermoregulate and to correct dehydration. Well-
formulated nutrition will premote proper develop-
ment, and strict cleanliness standards will help
ensure success (Fig. 27.1).

All factors contributing to a successful outcome
are based on a proactive approach. Imagine the
worst-case scenario, be prepared with a plan, and
have the necessary items commonly used in hand
rearing on hand. These include nipples. bottles,
assorted milk replacers, an accurate scale, incubator
or source of heat, blender, methods for warming the
formula, assorted fleece bedding, and methods for
sterilizing utensils, bottles, and nipples. Time and
attention to detail are required for the 24-hour mon-
itoring that is initially required to hand rear exotic
felids. Hand rearing is as much of an art as it is a sci-

207

ence. Utilizing these two concepts together will lead
10 a successful outcome.

CRITERIA FOR INTERVENTION

Sometimes cubs appear to be secure with the dam,
but poor milk production causes weight loss and
increased dehydration. combined with low recual
temperatures. Cubs may be observed to nurse but do
not receive enough nutrition, Initial physica! exam
after 24 hours postparium provides a baseline for
monitoring the weight, temperature, and hydration
for questionabie siwations. Continue to monitor
these paramcters at 48- and if necessary at 72-hour
iniervals.

FORMULAS AND FEEDING GUIDELINES

The criteria t0 determine which formula to use are
based on comparing the analysis of maternal milk
with product availability and individual species to!-
erance and acceptance. Nutritional requirements
vary among individual members of the same species
and members of the family Felidae. It is important
t0 compare the maternal milk analysis with the
selected milk substitute for each hand-rearing pro-
ject (see Table 27.1).

There are significant differences among formulas
in percentage of solids, fats, proteins. and carbohy-
drates, For example, puppy milk replacers are high
in fat, and kitten milk replacers are high in carhohy-
drate and protein. Milks high in carbohydrates are
ofien not tolerated well by Panthera sp. and this fre-
quently leads to diarthea. The inability to digest the
carbohydrate lactose may be corrected by adding
lactase enzyme such as Lactaid to the stock formu-
la. Add 2 drops per 100 mi of prepared formula then
refrigeraie for 24 hours before feeding.
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Figure 27.1 Feeding a snow
leopard ¢ub (photo courtesy of
the San Francisco Z00).

Tabte 27.1 Maternal Milk Analysis for Selected Nondomestic Felids

Fats Protein Carbohydrate
Solids
Species g/100g g0z % glg g100g % gle g/illg % gl
Domestic cat, Felis catus® 17.7 50 280 7.2 40.5 49 27.8
Lynx, Felis iynx* 217 6.2 28.6 10.2 47.0 45 207
Puma, Felis concolor’ 5.5 18.6 524 12.0 338 i9 11.0
Leopard, Panthera pardus” 226 6.5 28.8 1.1 49.1 4.2 18.6
Jaguar, Panthe rg onca* 28.2 7.8 27.7 13.7 48.6 2.7 9.6
Lion, Panthera leo? 302 17.5 579 9.3 30.8 3.4 11.2
Tiger, Panthera tigris 24.4 8.4 344 10.5 43.0 30 12.3
Cheetah, Acinonyx jubatus® 23.7 9.5 40.1 9.4 39.7 3.5 14.8

Source: Results were calculated from data obtained from *Abrams (1950); *Ben-Shaul (1962); *Jenness,
Personal communication to author; ‘Tenness, Regehr, and Sloan (1970); *Anonymous undated. Also, M.

Ewing, Personal communication to author.

Many Panthera species benefit from formulas
that include a portion of strained-poultry-meat baby
food added to the milk as early as one to two weeks
of age. The added meat source provides extra calo-
ries without increasing the volume when the animal
needs to begin the weaning phase (Table 27.2).

Chicken and turkey commercial baby foods are
two well-accepted sources of easily digestible meat
proteins. Maintaining the total percent solid content
is helpfui in preventing loose stools. Formulas that
are low in protein may cause hair loss, which I
abserved when snow leopard cubs were fed straight
Esbilac. When strained-chicken baby food was
added, the hair coat improved. This technique is
also beneficial in preparing for the weaning process.
As a tuie, it is best 1o introduce meat baby food
gradually over the course of a week, not exceeding

one jar (71.0 g) of baby foed per 12.5 oz (370 m!)
of prepared formula. This process can begin as early
as iwelve days of age if a predicable weight gain
and acceptable stools are observed.

A complete list of nutritive composition of baby
foods and commeon mitk products is provided as a
reference in this chapter. Creating formula may be
necessary when commercial milk replacers are
unavailable. There are other suitable options.
Examples of successful homemade formulas are
listed in Table 27.3.

Weaning/Forichment Diet

A nutritious enrichment diet was developed by
Liliana Abascal Johnson of the Guadalajara Zoo,
Mexico. Use cooked (boiled) 1.5 kg whole chicken
and remove skin, grind with 300 g dry commercial
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Table 27.2 Tiger Cub Stock Formula

Age-Day Ready to Feed Liquid

12 30 gms {2 TBS) Chicken Baby Foed 370cc (12.5 oz can) Esbilac

13 45 gms (3 TBS) Chicken Baby Food 370ce (12.5 oz cam) Esbilac

14 60 gms (4 TBS) Chicken Baby Food 370cc (12.5 oz can) Esbilac

15-20 70 gms (1 jar) Chicken Baby Food 370cc (12.5 oz can) Eshilac

2 ** 140 gms Chicken Baby Foad (2 jars). 740cc 2 (12.5 oz cans) Esbilac
8 gms ZuPreem Feline Diet (1.5 tsp)

22 140 gms Chicken Baby Food (2 jars}, 740cc 2 (12.5 oz cans) Esbilac
15 gms ZuPreemn Feline Diet (1 TBS)

23 140 gms Chicken Baby Food (2 jars), 740cc 2 (12.5 oz cans) Esbilac
22 gms ZuPreem Feline Diet (1.5 TBS)

24 105 gms Chicken Baby Food (1.5 jars). 740c¢ 2 (12,5 oz cans) Esbilac
30 gms ZuPreem Feline Diet (2.0 TBS)

25 70 gms Chicken Baby Food (1 jar), F40cc 2 (12.5 oz cans) Esbilac
37 gms ZuPreem Feline Diet (2.5 TBS)

26 70 gms Chicken Baby Food (1 jar), 740¢cc 2 (12.5 oz cans) Esbilac
45 gms ZuPreem Feline Diet (3 TBS}

27 70 gms Chicken Baby Food (1 jar), Fd0ce 2 (12.5 oz cans) Eshilac
60 gms ZuPreem Feline Diet (4 TBS)

2RF 75 gms ZuPreem Feline Diet (5 TBS), Continue increasing  740cc 2 (12.5 oz cans) Esbilac
ZuPreem Feline Diet in |5 gm increments daily

3] 135 gms ZuPreem Feline Diet (9 TBS) or 740c¢c 2 (12.5 oz cans)

1 can ZuPreem Feline Diet

2220cc 6 (12.50z cans) Esbilac

This final concentration blends well and flows through

an adjusted nipple.

** Strain the formula through a cheesecloth, enlarge the nipple

*** Omit chicken baby food

cat food pellets, Prepare small meatballs and freeze.
Also use an ice cube tray to form and freeze small
quantities.

The use of commercial feline and canine milk
replacers for hand rearing exctic felids has been
well documented by published accounts in the
International Zoo Yearbook and AZA’s Infant Diet
Care Notebook. A complete reseurce list is con-
tained in Sources of Products Mentioned, below.

A recent survey shows an equally divided prefer-
ence for Esbilac, KMR, and Zoolegic Milk Matrix
Formulation milk replacers. Goat's Milk Esbilac is
a milk replacer for puppies with seasitive digestive
systems. When using the powdered Eshilac or Milk
Matrix 33/40 to make formula. the recommended
ratio, by volume, of powder to water is 1:2 as the
stock formula (see Table 27.4).

In 1993 a reformulation cceurred with Esbilac
and KMR, Butterfat wus added to improve mixabil-
ity. Some exotic species exhibitcd digestive prob-
iems with these new formulations, Lactobezoar was
reported in tigers and leopards.

In conjunction with the above change came the
development of Zoologic, a line of products made
by PetAg, Inc. This system comtains seven milk
replacers to mix and match to meet the appropriate
maternal milk analysis. The Zoologic products
appropriate in felid hand rearing are Milk Matrix
33/40 and Milk Mairix 42/50. The product numbers
represent the minimum crude protein and fat per-
centages, Note that these two formulations are orig-
inal pre-1993 powdered Esbilac and KMR product
without butterfat. These PetAg products are accessi-
ble for the intemationa! market.

Nurturall milk replacers by Veterinary Products
Laboratories and Just Born milk replacers by
Farnam Pet Products are basically the same prod-
ucts. It is a marketing clarification only. Nurturall is
only available through a licensed veterinarian. Just
Bomn is available through retail outlets. Both of
these products are labeled for use in puppies or kit-
tens, as is Lactol milk replacer manufactured by
Sherley’s Limited availzble in the United Kingdom.
Wombaroe Food Products also markets specific
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Table 27.3 Custom Recipes for Selected Species
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Lion Cub Formula

As Fed Maternal g/100g  Artificial g/100g  Ingredients Amount
Solids 34.1 372 Cow’s milk 160 ml
Fat 18.9 18.5 Cream 10 ml
Protein 12.5 13.6 1 Egg yolk 20 ml
Carbohydrate 27 32 Gelatin powder 30 ml
Sunflower oil 30 ml
Leopard Cub Formula
As Fed Maternal g/100g  Artificial g/100g  Ingredients Amount
Solids 27.50 25.00 Cow'’s milk 180 ml
Fat 7.98 7.96 Glucose powder 3ml
Protein 13.60 11.80 2 Egg yolk 40 ml
Carbohydrate 5.40 4.60 Gelatin powder 20 ml
Puma Cub Fermula
As Fed Matemal g/100g  Artificial g/100g  Ingredients Amount
Solids 345 328 Cow'’s milk 168 ml
Fat 18.6 16.6 Cream 10 ml
Protein 12.0 12.0 | Egg yolk 20 ml
Carbohydrate 39 4.1 Gelatin powder 25 ml
Glucose powder 2mi
Sunflower oil 30 ml
Cheetah Cub Formula
As Fed Maternal g/100g  Artificial g/100g  Ingredients Amount
Solids 22.4 218 Cow's milk L85 ml
Fat 0.48 9.4 Water 20 ml
Protein 9.41 8.8 1 Egg yolk 20 mi
Carbohydrate 3.51 36 Gelatin powder 15 mi
Sunflower oil 25 ml
5 g=>5 ml = { teaspoon; Gelatin and Glucese are in a granule form.

powdered milk replacer for the cheetah, lion, tiger,
and puma. All of these are available to the interna-
tional market. Artificial milk diets have limitations
when compared to maternal milk. The formulations
cannot fully duplicate maternal milk compositien,
Taurine is an amino acid essential in the diet of
felids. It is essential to other species but they syn-
thesize taurine from cysteine. Mother-reared cubs
receive taurine when nursing. Taurine deficiency
has been reported to cause serious changes in heart

function and retinopathy (Burton et al. 1988;
Howard et al. 1987). It is an essential to supplement
taurine when the artificial formula of choice is
puppy milk replacer or cow's mifk. A daily liquid
taurine supplement, DYNATaurine, can be added to
a bottle-feeding. Taurine is also available in a chew-
able tablet, Zoo infant felids should be supplement-
ed with 250 mg of taurine per day. (McMannamon
and Hedberg 1993). Commercial kitten milk replac-
er has been supplemented. Current preliminary
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Table 27.4 FELID Taxonomy-Formula Guidelines and Birth Weights

2l

Species Formula Weight

Subfamily Acinonychinae

Acinonyx jubatus Cheetah Miilk Matrix 33/40, KMR, 0.375-0.373 kg
Custom

Subfamily Felinac

Caracal caracal (Felis or Caracal Milk Matrix 33/40 KMR 0.21-0.26 kg

Lynx caracal)

Catopuma badia (Felis badial  Bay cat Milk Matrix 33/40 KMR 0.18 kg

Catopuma temminckii Temmincki's or Milk Matrix 33/40, 42/25, KMR, 0.195-0.235 kg

{Felis temminckii) Asian golden cat Esbilac 0.18 kg

Felis bieti Chinese desert cat  Milk Matrix 33/40, KMR 0.10 kg

Felis chaus Jungie cat Milk Matrix 33/40. KMR 019 kg

Felis margarita Sand cat Milk Matrix 33/40. KMR 0.09 kg

Felis margarita scheffel Pakistan sand cat Milk Matrix 33/40, KMR 0.04-0.09 kg

Felis nigripes Black-footed cat Milk Matrix 33/40. KMR 0.085 kg

Felis sylvestris (includes Felis  European, African,  Milk Matrix 33/40,42/25 KMR, 0.113 kg

catus, ornata, bica) Indian wild cat Esbilac

Herpailurus vaguarondi Jaguarundi Milk Matrix 33/40. KMR 0.134 kg

(Felis yagouarundi )

Leopardus pardalis Oceiot Milk Matrix 33/40,42/25, KMR, (.215-0.250 kg

{ Felis pardalis) Eshilac 0.22 kg

Leopardus rigrinus Tiger cat, tigrina Milk Matrix 33/40, KMR 0.08-0.13 kg

(Felis tigrinus) or oncilla

Leopardus wiedii {Felis wiedii} Margay Milk Matrix 33/40, 42/25, KMR, 0.17 kg
Esbilac, Lactol

Leptailurus seyval {Felis serval) Serval Milk Matrix 33/40, 42/25, KMR. 0.2-0.25kg
Esbilac, Lactol

Leptailurus serval (Felis serval} Serval Milk Matrix 33740, 42/25, KMR, 026kg
Eshilac

Lynx canadensis (Felis Canadian lynx Milk Matrix 33/40, 42/25, KMR, 0,155 kg

canadensis), (Lynx Iynx Esbilac

canadensis)

Lynx lynx (Felis lynx} Eurasian lynx Milk Matrix 33/40, 42/25, KMR, 0.40 kg
Eshilac

Lynx pardina (Felis or Lynx Iberian lynx Milk Matrix 33/40, 42/25, KMR,

byux parding) Esbilac

Lynx rufus (Felis rufus) Bobcat Milk Matrix 33/40, 42/25, KMR, 0.20 kg
Esbilac

L. r. escuinapae Mexican bobcat Milk Matrix 33/40, 42/25, KMR,

(F. r escuinapae) Eshilac

Oncifelis colocolo (Felis Pampas cat Milk Matrix 33/40. KMR .14 kg

cnlocolo)

Oncifelis geaffroye (Felis Geoffroy's cat Milk Matrix 33/40, KMR 0.07 kg

geoffrovi)

Oncifelis guigna (Felis guigna)
Oreailurus jacobitus

{Felis jacobita}

Kedkod
Mountain,
Andean cat

Milk Matrix 33/40. KMR
Milk Matrix 33/40. KMR

{Continues)
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Table 27.4 FELID Taxonomy-Formula Guidslines and Birth Weights (continued)

Species Formula Weight

Subfamily Felinae

Otocolobus manul (Felis Pallas’s cat Milk Matrix 33/40, KMR 0.08-0.15 kg

manid)

Prionailurus bengalensis Leopard cat Milk Matrix 33/40, KMR 0.08 kg

(Felis bengalensis )

P. b. iriomotensis (Felis or Iriomote cat Milk Matrix 33/40, KMR

Mayailurus irfomotensis)

Prionailurus planiceps (Felis Flat-headed cat Miik Matrix 33/40, KMR

planiceps)

Prionailurus rubiginosus Rusty-spotted cat  Milk Matrix 33/40, KMR 0.07 kg

(Felis rubiginosus)

Prionallurus viverrinus Fishing cat Milk Matrix 33/40, 42/25, KMR, 0.176 kg

{Felis viverrinus) Esbilac

Profelis aurata (Felis aurata) African golden cat  Milk Matrix 33/40, KMR

Puma concolor cougar Eastern cougar Milk Matrix 33/40, 42/25, KMR, 0.22-0.68 kg

(F. c. cougar) or puma Esbilac, Custom

Subfamily Pantherinae

Neafelis nebulosa Clouded leopard Milk Matrix 33/40 0.205 kg

Panthera leo Lion Milk Matrix 33/40, 42/25, KMR, 1.10kg
Esbilac, Lactol, Custom

P 1. persica Asian or Indian Milk Marix 33/40, 42/25, KMR, 1.13-1.19 kg

Lion Esbilac, Custom

Panthera onca Jaguar Milk Matrix 33/40, 42/25, KMR, 0.59kg
Esbilac

Puanthera pardus Leopard Milk Matrix 33/40, 42/25, KMR, 0.482-0.653 kg
Esbilac, Custom

Panrhera ligris Tiger Milk Matrix 33/40, 42/25, KMR, 0.68-1.40 kg
Eshilac

Pardofelis marmorata ( Felis Marbled cat Milk Mauix 42/25 Esbilac 0,095 kg

marmorata)

Uncia uncia { Panthera uncia)  Snow leopard Milk Matrix 33/40, 42/25, KMR, 0.510-0.594 kg

Esbilac

Note: Taxonomy data-Reprint with permission from Kristin Nowell (Nowell and Jackson, 1996). Average

birth weights from AZA (19835),

research from this author indicates taurine leveis in
commercial chicken baby food to be 2 good dielary
source. Once the animal is receiving a meat-base
diet, the taurine supplement nay be discontinued.
Formula preparation should follow cedain critical
guidelines. If multiple caregivers are involved, one
individual should be designated as the advisor to set
the feeding schedule and to provide instructions on
how 10 mix the formuta. Use only presterilized bot-
tles and nipples. Prefill bottles for the total number
of scheduied feedings needed for 24 hours. Make
enough formula for an extra feeding in case of loss

or spillage. Label botties with the date, time pre-
pared, and amount, If a botle is designated for a
particular feeding, label it accordingly. Any equip-
ment used for formula preparation must not be used
for other purposes. Clean all equipment well with
hot soapy water and rinse thoroughly as some
ingredients may leave a thin, greasy film on plastic.
Rufect is an effective enzymatic detergent-degreaser
with disinfectant properties. If feeding equipment
is not thoroughly rinsed, soap residue may cause
loose stool. A basic sterilization method of boiling
feeding utensils, bottles, and nipples once aday is a
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good practice, The use of sterile. bottled. or boiled
water until such time that an animal’s stability is no
longer at risk is extremely important. De not use
distilled water because it lacks essential minerals,
An animal that has normal stool and has slowly
been introduced to a normal adult environmental
can be considered stable.

An animal’s response to hand reaning 1S measured
by satisfaction between feedings, acceptable stoot,
and adequate welght gain. Proper hygiene, strict
handling and storage of ingredients, and utensil ster-
ilization coniribute to the overall health of the ami-
mal and cannot be emphasized enocugh.

BOTTLE-FEEDING GUIDELINES

A bottle should be offered only if an animal is sta-
ble, alert, and responsive. The first bottle-feeding
should be done with an oral electrolyte solution and
is to primarily strengthen the suckling response, If a
strong suckle response is present, then a dilute milk
formula can be offered. Introduce the stock formula
gradually to newborns as well as clder neocnates.
Initially offer a dilute formula that is 25% formula
and 75% electrolyte solution. Gradually increase
the strength of the formula over the next 24 to 36
hours, It is important to note that dehydration can
still be present and subcutaneous fluids may need to
be continued until the first bowel movement.

The suckling response may be stimulated and
encouraged with proper nipple selection and is crit-
ical in successfully starting the hand-rearing process
(Fig. 27.2). The emotional gratification of the
neonate may be ensured when that time spent nurs-
ing from the bottle is slow and consistent.
Frustration from the animal occurs when inappro-
ptiate nipples are used or when the flow of the for-
mula is inappropriate, Too much formula too fast is
not good either. Extensive experience shows that
selection and use of specialty natural latex nipples
have been valuable in bottle-feeding. See Sources of
Products Mcntioned, below, for available nipples.

The goal in nipple selection is to find the perfect
nipple and make medifications in the flow rate to
enceurage a slow, passively controlled feeding.

The smaller felid species respond well to the Pet
Nurser system as well as the elongated, conical
shaped nipple by Four Paws. Two other uniquely
shaped nipples (balloon-shaped and elongated)
made by PetAg are other acceptable options to have
available. Panthera species inittally respond well to
a shorter, softer version of a standard human infant
nipple. There are rwo specialty nipples for prema-
ture human infants that work very well for

Figure 27.2 White lion nursing {photo by
Kent Hedberg, courtesy of Siegfried and Roy
Productions).

Panthera. Mead-Johnsen manufactures two stan-
dard nipples and a “NUK"-shaped orthodontic
preemie-size nipple. The next size that works well is
the Evenflo Preemie Nipple. This is available at the
iarger human-infant retail cutiets. It does collapse
with a strong aggressively nursing cub so it is rec-
ommended that these be used only in the early
development stages in cubs that are one to ten days
of age. The flow rate is adjusted to maintain a slow
flow to minimize aspiration from teo much milk
being suckled toe fast, Venting the hottle by tight-
ening or loosening cap rings will adjust the flow. An
animal should never nurse so aggressively that it
coliapses and pulls the nipple out of the cap. This
usualty occurs when the nipple is too soft. Standard
iatex infant-formula nipples are ideal for older lion,
tiger. and leopard cubs and will last until the animal
is weaned because they are more durable. Cubs may
be finicky and develop a preference for a certain
nipple. Care should be taken to use that specific
brand of nipple throughout the nursing period,
Always have adequate nipplc replacements in case a
new nipple is needed. In this way negative behav-
iors, such as possessiveness, can be minimized. The
cub will be less likcly to get fruswated. Ultimately
the goal is to wean a cub off the botle and onto
solid food with minimal stress and effort,

HOUSING

Incubators provide a controlled temperature envi-
ronment for severely compromised newbors. See
the product list at the end of this chapter for sources.
It is extremely important to avoid overheating new-
borns.
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Consider color-matching the animal's natural
coat 10 the artificial bedding. Polyester fleece {see
Sources) is available in assorted colors—white,
cream, and gray. This product is very durable and
seems 1o hold up the best even when left with unsu-
pervised animals. Extreme caution should be used,
however, when selecting synthetic fleece. Animals
that suckie on these fabrics may ingest fibers, which
could cause constipation. Many artificial fabrics
(“fake furs”) are available and can be sewn in
shapes that resemble fabric-covered bolsters. If
Velcro is used, laundering and restuffing with roiled
terry-cloth towels is the most hygienic. This repli-
cates the shape of a maternal felid’s abdomen or
appendage, and all felids feel more secure when
draped over their mother.

With multiple cubs, use color-coded file-folder
charts that match the available colors for baby bot-
tle cap rings. nipple covers, and LD. collars,
Cotored natl polish applied to one or more nails on
one foot may alse be incorporated during the early
days for ease in identification.

To prevent the potential exposure to environmen-
tal contaminants, caregivers should avoid contact
with other animals while hand rearing, If caring for
other animals and crossover is to occur, strict
hygiene measures should be practiced before return-
ing to the hand-rearing facility. A change of clothing
and washing hands and arms with an antibacterial
soap is mandatory. Basic quarantine guidelines
should be implemented. When entering the facility,
shoes should be rermoved and replaced with alter-
nate footwear that is designated for use only when
working with the hand-reared animal.

History has shown that the number of participants
involved in hand-rearing programs should be limit-
ed to two 1o three caregivers. The fewest number of
caregivers ensures reduced stress on the animal,
provides better consistency with record keeping,
and provides contimuity with all aspects of hus-
bandry. Individuals not providing care must wait
until the animals receive their first scheduled vacci-
nation before they may handle them. Each hand-
rearing project presents with a unique set of
circumstances. If solid routines and guidelines are
established, the potential risks can be minimized.

FEEDING STRATEGIES

Cenain sensitive species like leopard species may
be difficult for the caregiver to manage and accli-
mate t0 hand rearing. Using the appropriate nipple
is helpful. Often it requires great patience while
cunvincing a cub to relax and focus. Waiting until

the cub is drifting off to sleep to insert the nipple
into its mouth will aflow the bonding process to pro-
ceed. Another method has also proven successful.
While seated, scruff the cub and gently suspend and
slowly swing it with one hand. This mimics the
same motions as if the mother were carrying the cub
in her mouth. Slowly lower the cat to your lap.
When the cub is relaxed, insert the nippie/bottle.
Repeat this process for short periods in a dark room.

The amount to feed is usually based on the total
volume calculated for the day, based on a percent-
age of the animal’s weight. For this reason it is
imperative to have an accurate scale.

Cubs and kittens can consume as much as 15-20%
of their body weight per day. The small felids seem to
require the higher percentage. Using a conservative
figure of 12-18% per day is a good starting point.
After the first three days, the daily amount may be
adjusted. The first feed should be promptly at 0800 (8
a.M.} and the cub should be fed every 2.5 to 3 hours;
this would be six o eight feedings a day. Once the
total daily amount has been determined, divide that
by the total number of feedings in 24 hours to deter-
mine the amount to be offered at each feed. A weight
gain trend of 100 to 200 grams a day in large felids
and 50 to 10€} grams a day in smatler species is
acceptable. When the calculated amount of formule
has been consumed, most felids do not require feed-
ings past 2100 (9 pM.).

For the first feeding of the day, it is easier to feed
the amount calculated and prepared from the day
before. Once the moming reutine is under way. cal-
culate the amount needed to meet the nutritional goals
for that day, Weigh the animal after it has been stim-
ulated te urinate and defecate. If inadeguate weight or
lower than desired weigh gain is recorded, formula
percentages may be increased slowly with each bot-
tle. Often animals require a second feeding within
one to one and a half hours after the initial morning
feed. Feedings after this “catch-up” period should
allow the schedule 10 level out. The rest of the feed-
ings will salisfy the cub and normal sleep periods will
occur after feeding. Animals should not be overfed.
Do not allow the animal to consume all that it wans.
Diarrhea will often occur when an animal is fed more
than 25% of its body weight per day. Animals may
gain weight too quickiy and have difficulty suppori-
ing their own body weight. It can also predispose
them to bone developmental abnormalities. Supple-
menting with sterile water or oral electrolytes post-
feeding often provides the cubs with an extra feeling
of fullness without the risk of overfeeding.

Assessing the feeding response each time a bottle
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is offered 18 a good indicator for evaluating overall
attitude and demeanor. Kittens and cubs should
always be eager to be fed. Each case requires mod-
ification and a certain custorization 10 meet the
individual needs of the animal.

The normal digestive process occurs while the
cub sleeps undisturbed until sunrise. This is where
the benefits of having a premeasured bottle for this
first feeding prove helpful. Critical-care newboms
may need intense monitoring for the first week if the
nulritional goals cannot be met within the above
time schedule. Daily total formula consumption
records are imporiant to see exactly what percent-
age of body weight the animal actvally did
consume. If the diet provides the proper level of
satiation, the cub or kitten will be content to sleep
between feedings. However, with the larger cubs, it
1s not recammended to exceed 8 oz (240 ml) of for-
mula per feeding. Note that sirained meat baby food
may be slowly reduced and canned feline ZuPreem
added and pureed in the formula starting at three to
four weeks of age.

The weaning process may be instituted as soon as
the incisors have erupted. Canned ZuPreem or other
nutritionally balanced carnivore diets are introduced
from a pan. This 1s as early as 4.5-5.5 weeks of age.
1 have experienced situations in which cubs had
difficulty during the weaning phase. Yomiting, diar-
rhea, and refusal of the bottle for one to two feed-
ings have occurred. The bottle becomes a tool for
maintaining the established bond between the care-
giver and cub. Weaning to an adult diet often
depends on available products. The most important
consideration is to provide a nutritionalty balanced
diet for continued growth and development.

Each animal experiences levels of frustration
when the volume or numbers of bottle feedings are
changed. Cubs may become possessive over the bot-
tle or feed/water pun sometimes without provoca-
tion. Forced weaning occurs because attempts to
bottle-feed may become dangerous to the surrogate.
It is at this time that assorted adult food Hems
should be gradually introduced to reduce potential
problems with diarrhea. These products must be
suitable nutritionally balanced adult zoo camivore
diets. Time and patience are required to carry the
animal through this critical perod. Daily weight
checks need 10 be continued to evaluate the overall
transition to an adult diet.

EXPECTED WEIGHT GAIN

Expect an initial gain of {00 grams per day for large
species (lions, tigers, leopards) and 50) grams per day

for smaller species (serval, bobcal, caracal). These
figures will double when solids are introduced.

IMPORTANCE OF ADEQUATE TRANSFER
OF IMMUNOGLOBULINS

Although the immune system of felid neonates is
capable of responding au birth, environtnental
pathogens present a considerable risk to newborns.
Some of these organisms are mnocuous to an adult
but when 4 neonate i5 exposed. an overwhelming
infection may occur before the immune system can
generate a primary immune respense, Maternal anti-
bodies help protect the neonate while they develop
the ability to mount an immune response to the anti-
gens in their environment. Kittens and cubs are vul-
nerable to systemic bacterial infections, particularly
those causing bronchopneumonia during the first
few weeks of life.

Receni studies have revealed that domestic kit-
tens receive 955 of their maternal antibodies from
the colostrum and milk of the queen (Levy and
Crawford 2000; Casal, Jesyk, and Giger 1996},

Exotic felid species may be at risk for failure of
passive transfer of these antibodies if the young are
rejected before receiving colostrum. This is of
greater concern in underweight and weak neonates
or those that lack the strength to compete with sib-
lings. Offspring in large litters may be at risk
because they have dams with inadequate colostrum
production for the entire litter. I a kitten or cub has
a questionable history of nursing, it may have prob-
lems with infections during the first two months of
life because its immune system may not be well
developed. In such cases, animals will need to be
managed with additional supportive care and/or
antibiotic therapy.

New research studying failure of passive transfer
in kittens indicates the (domestic) feline gut closes
to transfer of 1gG by 16 hours after birth. (Casal et
al. 1996}, The intestine is unable (o absorb these
large molecules at tater times. There are several
lests avaplable to determine if a neonale has ade-
quate IgG levels. The most definitive is serum radi-
al immunodiffusion. This quantifies levels of
immunoglobulins. Although one report found no
difference in 1gG concentraiions beiween feline
milk and colostrum, preliminary data from the
University of Florida found colostral 1gG concen-
tration of to be 4000-8000 mg/dl (Levy and
Crawford 2000). This falls rapidiy until by approxi-
mately one-week postparturn the Jevel in milk is
closer to 250 mgfdl or lower. These findings are
more typical of other species that have been studted.
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Failure of passive transfer can be corrected in kit-
tens by administration of adult cat serum either 1P
or SQ. The dose required to reach the normal IgG
levels of nursing kittens is 150 ml/kg of serum to
colostrum-~deprived kittens less than 24 hours oid
(Levy and Crawford 2000). However, the minimum
concentration of IgG required to protect neonates
from infection is unknown. In foals, failure of pas-
sive transfer (FPT) treatment goals include raising
serum [gG congentration to at least half of normal
{Levy and Crawford 2000). If the same holds true
for exotic felids, then a minimum of 75 ml/kg IP or
8Q BID would be appropriate for a tiger cub that
was at risk at 24 hours postparturn (Levy, Phone
conversation with author),

Collection and long-term storage of serum and or
plasma from all exotics that have breeding potential
is recommended as a source for supplemental 1gG. It
is necessary 1o screen potential donors because of the
risk of disease transmission with blood products.
Continued research is ongoing to establish a more
practical source of supplementation of [gG in domes-
tic kittens {Levy, Phone conversation with author).
Further research is needed on the problem of correc-
tion of failure of passive transfer in exotic felids,

COMMON MEDICAL PROBLEMS
Respiratory Infections

Managing a neonate requires that every effort be
made to reduce the risk of exposure to potential
pathogens. Necropsy resuits compiled from 116 kit-
tens that died within the first 8 weeks of life indi-
cated that bacterial bronchopneumonia was the
most common finding (Casal et al. 1996). The bac-
terial isolates from the kittens included E. cofi,
hemolytic streptogocci, Pasteurella multocida,
Staphylococcus aureus, and gram-negative entero-
pathogens (Casal et al. 1996). Their isolates were
similar to bacteria found in the respiratory and gas-
trointestinal tracts of healthy cats, indicating that
fatal respiratory infections in preweaned kittens
may arise from the normal flora of the queens
{Casal et al. 1996).

Umbilical Stump Treatment

Newborns have a decreased resistance to bacterial
infections, which makes them prone to sepsis when
they are stressed. The most common route of entry
is the umbilicus. Apply chiorhexidine (0.5%)
{Nolvasan 2% solution diluted 1:3 with sterile water
or saline) to the umbilical stump every 6 hours for

24 hours and examine for heat or swelling. This is
more effective than 2% iodine or povidone-iodine.
Seven percent iodine is caustic and burns the end of
the umbilicus trapping bacteria within the stump.
Dilute povidone-iodine also has the potential for
bacterial entrapment. Chlorhexidine is used because
it is Jess caustic and has a wider bacterial spectrum.
It aiso has longer residual antimicrobial activity
{Madigan 1997).

Hypothermia

The ability of neonatal felids to thermoregulate is
limited. Normal rectal temperatures range from
96.8°F (36.0°C) in the first days to 97-99°F
(36.2-37.2°C) in the first two to four weeks. If a
newhorn’s body temperature drops below 94°F
(34.5°C), its suckling response may be diminished
or absent.

Hypothermia may be caused by a number of fac-
tors such as low ambient temperatire, weak or
immature cubs, insufficient maternal instinct caus-
ing neglect of care, or excessive grooming.
Insufficient mammary development in the dam can
also reduce a cub’s ability to receive warmth when
they nestle against the mammary glands for heat. A
chilled cub shouid never be warmed rapidly as this
resuits in tissue damage and hemorrhage. The use of
heat lamps is not advisable as they may cause severe
bumns and dehydration if left unattended. Healing
pads should be covered and set at the Jowest setting.
Heating pads that are used incorrectly may also
cause severe burns, which may only be evident days
later when the tissue begins to slough. Circulating
warm-water heating pads and ICU water-lined
warmers see Sources below) are the safest methods
to heat the cubs, It is best to maintain a temperature
gradient within a neonate’s confined space. A range
of 5-10°F (3-5°C) from the warmest to the coolest
spot will allow the animal to either seek heat or to
select the area most comfortable. It is important to
monitor the temperature of the enclosure using
either traditional or electronic environmental ther-
mometers. Using a remote digital sensor (sce
Sources below) provides a method of precisely
monitoring ambient temperature from a remote
location. This device has the ability to moenitor
changes within a preset margin and io sound an
alarm when the temperature changes suddenly or
moves oulside the set range. The caregiver may
monitor the base station while the animal setup is in
another room. This can be extremely valuable if a
power or equipment failure cccurs in the middle of
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the night when the cubs are not under immediate
SUpeIvision.

Hypoglycemia and Dehydration

In cases of hypothermia, the suckling response may
be virtualiy nonexistent. Often an underlying factor
contributing to hypothermia is hypoglycemia. A
combination of supplemental heat and subcutaneous
fluid electrolytes with 2.5% dextrose will help to
stimufate the suckle response.

A dehydrated newbomn should not be given any
formula, as this will dehydrate the animal more, The
total normal oral and parenteral fluid maintenance
requirement in neonmates is 50 ml~75 mlkg/day.
This can be divided into two or three doses over a
24-hour period. These guidelines depend on how
rapidly the fiuids are absorbed and the amimal’s
demeanor. Neonates seem to have a higher fluid
maintenance requirement. Swarting at the higher
dose is appropriate for the firsi assessment. Then
taper to the lower dose until the animal is stabie.

Calcium Deficiency

Balanced calcium and phosphorus ratios should be
maintained throughout the hand-rearing process,
Commercial kitten and puppy milk replacers provide
the appropriate ratio, Abnormal calcium and phospho-
rus ratios may result in metabolic bone disease, and
may be a result of inadequate formula intake during
the weaning process. Adequate calcium levels must be
maintained unti the felid reaches maturity. Weaning
diets of chicken and organ meat are extremcly high in
phosphorus. Special attention to calcium supplementa-
tion to balance the phosphorus is required. If a cub
presents with lameness, take radiographs 10 rule out
inadequate cortical bone devetopment.

Diarrhea

Note: If the reader follows the recomimendations in
this section exactly, problems with diarrhea may be
avoided. Diarrhea is fairly common in hand-reared
felids. Generally, it is caused by a dietary imbal-
ance, which could be 4 result of a variety of factors.
The formula may be inappropriate for the species,
may be too concentrated or offered too much or too
often. Diarthea may occur if the ingredients of the
formula are changed too quickly. for example, dur-
ing the addition of meat. Most commonly, diarrhea
is caused by powdered formula that is made up and
offered too concentrated in the initial feeds to cubs
that are less than four weeks of age. Occasionally
cubs will develop diarrhea when a new baich of

powdered product is introduced. Batches of pow-
dered product may vary and if the consistency of the
stock formula changes with the new baich, adjust-
ments in the powder-to-water ratio will peed to be
made. Cultures of the feces should be taken to rule
out bacterial causes. If there is no underlying med-
ical problem, often giving the cubs straight
Pedialyte (Ross) or an electrolyte solution for one
feed, and then half-strength formula for several
feeds after that, may help. Gradually increase the
strength of the formula as the consistency of the
feces improves. Sometimes this process takes sever-
al days to a week or more. The gradual addition of
meat to the formula, such as chicken baby food
(with no onion), or ZuPreem often results in
improved fecal consistency. If the diarrhea persists
and/or is severe, the cub should be evaluated by a
veterinarian and may require fluid therapy,

SOCIALIZATION

As human surrogates for their mothers, we are
responsible for addressing the emotional needs of
each animal. Experienced individuals share the
viewpoint thal 2 human-animal bond is created with
the intensc nursery care. This can be measured in
the animal's ability to adapt to a captive environ-
ment. The strength of an established relationship is
often underestimated. The goals of any hand-rearing
project should have been defined at the start, Is the
animal going 10 be used as a contact animal for edu-
cation or is it an exhibit animal? Sometimes it may
take intense effort and time to see that an animal’s
full potential is not compromised or damaged as a
result of our intervention. Improper training tech-
niques at an early age are an example. A commit-
ment and attention to the style of care can have a
significant impact on polentially negative stereotyp-
ic behaviors often reported in accoumts of hand-
reared animals.

The following scenarios may be useful guidelines
when considering hand-rearing options. If a single
anima] is presented for hand rearing. it may be bene-
ficial to network with other neighbering institutions
to locate similar situations, Consider consolidating
the hand-rearing efforts at one facility and then shift
to the other for the remainder of the weaning phase.
This will allow both institutions to share the project.
Rearing animals together provides benefits both to
animals and institutions unti! a semipermanent status
is reached. Because birth season for felid species in
captivity is somewhat predictable. this is a practical
approach.
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Providing the cubs with a variety of safe and
interesting “toys” will help to prevent boredom.
Boredom may lead to undesirable behaviors. Plan
on rotating the toys as interest declines. Simple toys
made from socks as well as “puppy” toys are safe
and interesting in the first phase of development.
Toys should provide independent exploration of the
environment. The surrogate should not try to play
with the animal and its toys. This promotcs aggres-
sive play. Keep in mind what seems acceptable for a
5 kg animal may not be acceptable when it weighs
50 kg, Shaping a cub’s behavior in nonconfronta-
tional, positive ways reduces fear and distrust, The
most important step in reducing undesirable behav-
iors is 1o try to understand the origin of the undesir-
abie behavior and use redirection to correct it. Cubs
kept busy several times per day with physical. chal-
lenging activities are much less likely to develop
into animals that bite. A caregiver Who has an abili-
ty to anticipate and predict certain moods and atti-
tudes will have the most successful approach.

A lion as an adult is an aggressive, fearless cat
that is typically silent when threatened. On the other
haad, tigers are far more demonstrative in convey-
ing their moods. When comparing tiger and lion
cubs, two-month-old lion cubs are slower to devel-
op emotionally. They require selective levels of
security when compared to tiger cubs of the same
age. This means periodic reassurance by the surro-
gaie. Negative snarling and growling are symptoms
of poor socialization, temperament defects, and a
caregiver’s failure to establish clear leadership.

When caretakers provide socialization and good
leadership, they increase the animal’s confidence and
feeling of seeurity, and reducc excessive inappropri-
ate, dangerous behaviors. For weaned cubs, examples
include feeding and taking cubs out at regularly
scheduled times each day, Farly acceptance of leash
training will help facilitate this. Introduction of collar
and leash can start at two to four weeks of age. This
method of animal handling must be introduced with
patience and caution. For those unfamiliar with this
style of training, seek outside help and guidance.

Human surrogates that initiate play behavior are
viewed by the cub as a “play toy.” The cub’s mouth
is a tool for exploration, acquisition, social advance-
ment, siress reduction, vocal expression, and sur-
vival, In social groups, cubs bite each other to test
relative strength and establish rank without causing
serious trauma. The human surrogates need to learn
and understand play behaviors. This requires an

ability to react effectively and redirect these aggres-
sive instinets.

Possessiveness is a behavior resulting from a
dominani animal establishing control over food,
food dishes, toys, brooms, and territory. This defen-
sive, seif-protective irait is the cub’s attempt to keep
an impending threat away. Usually it is the inexpe-
rienced caregiver that promotes this behavior. Early
signs may be apparemt when bottle-feeding, If a
feeding frenzy is allowed to proceed, this behavior
will only accelerate as the cub matures. The bottle-
feeding period can be gratifying and comforting for
the adolescent cub well beyond the nutritiona!
requirement for a milk diet. It must be decided if
this is promoling the established bond or challeng-
ing it. This negative bebavior cannot be changed,
only minimized. It is in the early days of bottle-
feeding that possessive behavior cap be discour-
aged.
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SOURCES OF PRODUCTS MENTIONED

Animal Intensive Care Unit {AICU): 30 Ib table
top acrylic forced air incubator by Lyon Electric
Company. Inc., 1690 Brandywine Ave., Chula
Vista, CA 91911; 1-619-216-3400; FAX 1-619-
216-3434; www.lyonelectric.com

lyonelect @cts.com

Beaphar Inc. (USA), 6200 Falls of Neuse Rd.,
Suite 102, Raleigh, NC 27609; 1-919-855-9990;
FAX 1-919-855-9991

Dyna-Taurine: Harlmen Corporation. PO Box
371073, Omaha, NE 68114;VOICEFAX 1-800-
393-0794; E-mail: info@harlmen.com

Esbilac: PetAg Inc., 261 Keyes Ave,, Hampshire,
1L 60140; 1-800-323-0877, 1-800-323-6878;
www.petag.com

Evenflo latex nipples, rings, nipple covers, seal-
ing disc: Evenflo Company, Inc., 1801
Commerce Dr.. Piqua, OH 45356; 1-800-233-
5921; www.evenflo.com
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Four Paws Pet Nurser: Four Paws Produocts
Limited, 50 Wireless Blvd., Havppauge, NY
11788; 1-516-434-1160: www.fourpaws.com

Goat's Milk Esbilac: PetAg Inc., 261 Keyes
Ave., Hampshire, IL 60140; 1-800-323-0877.
1-800-323-6878: www.petag.com

Intensive Care Systems: Portable water-lined
warmers by Thermo Cure. PO Box 6069, Incline
Village. NV 89450; 1-800-262-4020: FAX
1-775-831-1230; E-mail: staff@thermocare.com

Isolette Infant Incubator: Used Air Shields
Incubator, Rankin Biomed:cal Corporation, 9580

Dolores Dr., Clarkston, MI 48348; 1-248-625-4104;

FAX [-248-625-1070; E-mail: rankin@tir.com

Just Born: Farnam Pet Products, A division of
Farmnam Coempanies, Inc., Phoenix, AZ 85013;
1-800-234-2269; www.farnam.com

KMR: PetAg Inc.. 261 Keyes Ave., Hampshire,
IL 60140; 1-800-323-0877, 1-800-323-6878;
WWW.pElag.com

Lactal: Sherley’s Limited, Homefield Rd.,
Haverhill, Suffolk CB9 8QP, U.K.; Phone:
01440 715700; FAX 01440 713940; E-mail:
sherleys @dial.pipex.com

Mead Johnson Nutdtionals: Nipples; 1-812-429-
6330; FAX 1-812-429-7189; 24-hour toll-free
fax-on demand 1-888-606-7737; www.mead-
johnson.com

Nurturall: Veterinary Products Laboratories, PO
Box 34820, Phoenix, AZ 85067-4820; 1-888-
241.9545; www.vpl.com

Pedialyte: Ross Products Division, Abbott
Laboratories, Columbus, OH 43215-1724;
1-800-986-85 10; www.abbott.com, www.ross.com

Polyester Flecce: Body Gear for Pets, PO Box
5924, Petaluma, CA 94935; 1-800-699-4050: FAX
1-707-792-2262; E-mail: bodygear@pacbell.net

Rufect: Detergent/Disintectant by the Ruhof
Corporation, 808 West Merrick Road, Balley
Stream, NY 11580; 1-800-537-8463; FAX
1-516-285-5888; www.ruhof.com

Wireless Thermometer with remote sensor:
Oregon Scientific International, Lid, 19861 W
95th Place, Tualatin, OR 97062; 1-888-274-
7980; FAX 1-341-465-9406;

info @oscientific.com;
www.oregonscientific.com

Wombaroco Food Products, PO Box 151, Glen
Osmond SA, Australia 5064; 08-8379-1339;
wombaroo @adelaide.on.net

Zoologic Milk Matrix Nutritional Components:
PetAg Inc., 261 Keves Ave., Hampshire. TL
60140; 1-800-323-0877, |-800-323-6878;
www.pelag.com

ZuPreem Feline Diet:, Premium Nutritional
Products, Inc., PO Box 2094, Shawnee Mission,
KS 66202; 1-913-438-8900; FAX 1-913-438-
[881; www.zupreem.com
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Elephants

Karen A. Emanuelson and Colleen E. Kinzley

NATURAL HISTORY

The average birth weight of an African elephant calf
(Loxodonia africana) is 100~120 kg, and that of an
Asian elephant calf (Elephas maximus) is 90-110
kg. Most wild elephant populations show an annual
reproductive cycle that corresponds to the seasonal
availability of food and water. Typically females are
reproductively viable in the second half of the rainy
season and the first months of the dry season.
Captive elephants are not driven by the seasons and
females typically cycle every 14-16 wecks. The
average gestation period is 22 months, but some
pregnancies can last 24 months. Calves are milk
dependent for the first two years and will ofien
suckle to the age of four or five.

RECORD KEEPING

Daily records that allow for the 24-hour tabulation
of input/output will ranslate easily into weekly and
monthly summaries thal make it easier to monitor
trends in feeding and stool preduction. Other infor-
mation that should be included is vital signs, sleep-
ing perieds, and behavior. Documentation of hedy
development, eruption of molars and tusks, and
behavioral learning stages of the calf would be valu-
able additions to the knowledge of elephants.
Complete medical records including clinical notes,
prescriptions, and diagnostic test results should be
updated frequently by the vcterinarian.

EQUIPMENT

Planning should include the acquisition of supplies
several months in advance of the anticipated birth
dae. Supplies needed include bovine bottles and
nipples, elephant milk replacer, human breast pump,
walk-on heavy-duty scale, elephant plasma, and ele-
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phant colostrum, if available (see more under
Assessment beiow). A portable radiology unit and
an oxygen-administration system are advisable. A
300 MA radiology unit is necessary for all but the
distal extremities.

CRITERIA FOR INTERVENTION

Planning for any elephant birth should include
plans for possible nced to hand raise the calf, or
supplement the calf’s diet. There are many possible
scenarios that would necessitate hand rearing or sup-
plementing a calf, such as aggression from the dam,
death or illness of the dam, poor milk production, a
weak or undersized calf, and others. Very few ele-
phants have been hand raised from birth. In the
eleven reported cases of calves entirely hand raised
from birth only five survived past infancy. Five other
cases reported successful reintroduction {o the dam
after a period of up to ten days of boitle-feeding the
calf (Kinzley 1997).

ASSESSMENT OF THE NEONATE AND
INITIAL CARE

Suggested medical protocol for a rejected or
orphaned elephant calf less than 24 hours of age is
as follows: Assess immediate needs by evaluating
respiration, heart rate, and mucous membrane per-
fusion. Administer emergency therapy or oxygen
therapy immediately if needed. Normal body temt-
perature is 97.5-99°F (36-37.2°C). If the body lem-
perature is less than 97.5°F (36°C), use heat sources
such as heat lamps and/er heating blankets to bring
the temperature back te normal range. Collect bloed
samples for complete blood count and serum chem-
istry amalysis (STAT), qualitative IgG test, and
serum electrophoresis. Save extra serum and freeze.
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Draw blood for aerobic/anaerobic culture if the calf
is weak and/or placentitis {s present. Weigh the calf.
Administer elephant colostrum if available, two to
ten liters orally, preferably by botle-feeding
{(Fowler 1978). The calf is unlikely to consume
more than 0.5 liters in a single feeding. The
colostrum should be given when the calf is less than
6-12 hours old, if possible, and no more than 24
hours 0ld. Bovine colostnnn may be substituted if
elephant colostrum is not available. Assess fluid
balance. Insert I'V catheter if fluid therapy or plasma
therapy is indicated. If the calf has not received
colostrum. elephant plasma is the preferred fiuid. If
the calf has received colostrum, use LRS and/or
ptasma. Perform a thorough physical examnination,
including examination of the umbilicus, and assess
maturity, Examine the placenta to see if it is com-
plete or incomplete. Save appropriate samples of it
for cufture and sensitivity, and histopathology.
Evaluate lab data and physical exam, decide upon
appropriate antibiotic, plasma, fluid, and dextrose
therapy. Give tetanus prophylaxis. umbilical care,
and vitamin E injection.

Normal vital signs are not well established, but
are briefly summarized in the AZA Flephan!
Husbandry Notebook (Kinziey and Emanuelson, in
press). Normal hematologic and serum chemistry
values have been reported (Alten et al. 1985; Heard.
Jacobson, and Brock 1986).

MILK REPLACER AND SUPPLEMENT

Grober's Elephant Calf Milk Replacer (Grober) is the
most commonly used elephant milk replacer. Nutricia

Elephant Calf Milk Replacer has been used in Israel
and the Netherlands (Kinzley 1997). Several human
infant formulas have also been used to bottle-feed
calves, including most commonly Wyeth's SMA
Goldcap (also known as S26; manufactured in
England) or Enfamil. Grober preduces both African
and Asian elephant milk replacer, which have been
formulated from the analysis of milk collected from
lactating females. The African formu'a has 750
kcallliter, the Asian formula 1215 kcalfliter, and
Enfamil, the most commonly used human infant for-
mula, has 666 kcalliter. In some cases additional
dietary supplementation may be provided. Desiccated
coconut and butterfat have been added to increase the
fat in the diet (Sheldrick 1993). Vitamin and mineral
supplements are commeonly used (vitamins B and E,
and calcium). In many cases rice water and glutinous
rice broth have been used when mixing the formula 1o
alleviate diarrhea.

NURSING TECHNIQUES

Most often a bovine caif nurser is used for botiie-
feeding, with the nipple openings slightly enlarged
to allow a steady drip when tipped (see Fig. 28.1). A
rubber band is placed between the nipple and the
boitle rim 1o allow air to escape. One method that
has been used when trying 10 get a calf to nurse
from the dam is to use an IV line attached to a fluid
bag containing milk, with the end of the IV line
attached to the caretaker's fingers so the caif could
be more easily led to the dam’s teat.

Initially, when being fed by a caretuker, some
calves may struggle with finding a comfortable

Figure 28.1 Elephant calf
nursing on bovine calf nurser.
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Figure 28.2 Elephant cait with
tfrunk on keepar's neck.

nursing position and will not aurse well until they
do. They scem to need to have their trunks up
against something, Some calves need intimate con-
tact with the keeper and will come to rest their trunk
at the underarm, face, or neck (see Fig. 28.2). Some
caretakers have had success with hanging a piece of
canvas for the caif to push up against to nurse
(Sheldrick 1993), Once a calf finds a comfortable
position, it will be rcluctant to nurse until it is in that
position. Covering the calf with a blanket pulled just
over the ears 5o the fronk of the face is visible. may
also comfort very young calves. Thin blankets or
sheets may be used in warmer weather. Newborn
elephants often have difficulty lying down and have
been observed shuffling around the enclosure until
they stop and begin falling asleep. At some point
they just collapse or tip over. They may also need
help in getting up. Large canvas sleeping cushions,
straw bedding, or whole bales for the calf to lean
against and slide down should be provided.

MILKING THE DAM

If possible, the dam should be milked so the calf can
receive colostrum. and then milked to supplement
formula feeding. Milking methods include hand
mitking, manual human breast pump, and electric
hurnan breast pump. Manual milking is similar to
that used in goats; squeeze the teat at the top with
the thumb and forefinger then squeeze the other
three fingers in succession, Human lactation coasul-
tants can assist with instruction on use of the human
breast pump. Oxytocin may be given intramuscular-
ly approximately five minutes before pumping to

facilitate milk letdown. Oxytocin has also been
administered to facilitate milk [etdown that
appeared to be deticient when a calf was nursing.
The amount of milk that can be collected in the first
24 hours varies widely: from 300-4000 ml] approx-
imately, although up to 10 titers is theoretically pos-
sible. In some cases. the dam may only be able to be
milked once to collect colostrum. Frequent milking
and the use of oxytocin should dramatically
increase the amount of milk collected. One zoo
milked their elephant cow every three hours and
used oxytocin each time, with average collections of
1080 mi per milking during the first week (Kinzley
1997).

The breast pump is usually used for approximate-
ly 10-20 minutes per breast, Rest periods, warm-
water packs, and massage have been used during
milking 10 increase the volume of milk collected.
Milking has also been used to collect samples from
a nursing mother over the course of lactation for the
development and modification of formula.

AMOUNTS TO FEED

Calves weighing 100 kg (220 lb) should receive
between 6000 and 8000 kcal per day and calves
weighing 200 kg (440 1b) should receive between
16,000 and 20,000 kcal per day. To meet this
requirement, the Grober Asian formula should be
fed at a rate of 5-6.6 liters/day, and 13.2-16.5
liters/day, respectively. Thc African formula
requires a rale of 8-10.7 liters/day and 21.3-26.7
hters/day, respectively. At these weights a calf
would require at 9-12 liters and 24-30 liters of the



224 Hand-Rearing Wild and Domestic Mammals

Enfamil formula per day. One recommendation is
that newborns should receive at least 8 liters (2 gal-
lons} of formula per day, but may receive as liale as
5 liters/day for up to two days (Sheldrick 1993).

Overfeeding is probably not a concem in elephant
calves. The calf shouild gain 0.5-1.4 kg (1-3 1b) per
day, averaging 0.9 kg (2 ib) of weight gained per
day during the first year of life.

FREQUENCY OF FEEDING

Calves should be fed on demand initially. The feed-
ing interval for very young calves is generally every
one to two hours, around the clock. At three months
of age, the frequency of nighttime feedings may
start to be gradually reduced, depending upon the
demands and growth rate of the calf. Some caretak-
ers begin gradually shifting to an every-three-hours
feeding schedule during the daytime at this time; or,
the calf may continue to be fed on demand. At one
year of age, the bottle-feeding should be every four
hours during the hours of daylight, with one to two
night feeds if the calf is hungry. Over about 15
months of age, an elephant calf should be taking in
solid foods in sizeable quantities, and the milk can
be eased out with thiee bottle feeds a day only, pro-
viding that sufficient solid foods are on hand for the
calf at night (see Tips for Weaning below)
(Sheldrick, Personal communication, 2001).

CARETAKERS

The team of caretakers for the calf should consist of
a carefully selected, consistent group of approxi-
mately five to eight people, starting the first day of
hand rearing. It is very important that the calf not
always be fed by just one or two particular caretak-
er(s), because the calf may become so attached to
those individuals that it will become extremely dis-
tressed by even brief separations from them, and
may refuse to feed without their presence.

NURSERY LOCATION

Pianning should include the development of a nurs-
ery. It will need to be safe from the adult elephants
but allow for visual, auditory, and olfactory contact
with them. Chain-link fence works well as a barrier
for the calf but the smaller links (1 inx 1 in) are nec-
essary to prevent the calf from pulling its funk
through the fence. Generally, the nursery area
should be kept at about 18°C (65°F) in winter, but a
very young or ill calf may require a warmer temper-
ature. Blankets and heavy bedding may help to off-
set the cold. The space should have drainage for

hosing; calves will produce large volumes of urine
and feces. A layer of shavings covered by a deep
straw bedding works well to insulate the calf and to
absorb urine and feces between cleanings. A service
area with electricity, water, and storage space
should be nearby.

IMMUNE STATUS AND FAILURE OF
PASSIVE TRANSFER (FPT) OF
IMMUNOGLOBULINS

Elephants have long been thought 1o have no pla-
cental transfer of immunoglobulins, only passive
transfer through colostrum after birth. Recent find-
ings suggest further work is needed in this area
(Pamrot and Dierenfeld 1996). At this time it is still
assumed that it is essential for a newborn calf to
receive either colostrum, plasma, or both. Elephant
neonates have been reported to normally consume
2-10 liters of colostrum, with nursing beginning as
early as 30 minutes after birth (Kinzley 1997). This
volume is therefore the amount to strive for when
giving colostrum to a newborn elephant that has not
nursed from the mother, however some calves may
not drink more than a total of 2 liters in the first day
of life. Colostrum can be stored at —20°C (—4°F) for
at least one year in equids and it 1s assumed this also
holds true for elephant colostrum (Smith 1996).

Information on evaluating the immune status of
an elephant calf is limited. Tests that should be per-
formed on any calf that is to be hand reared are total
protein, globulins, serum electrophoresis, and 2
qualitative immunoglobulin test such as the zine tur-
bidity test. Electrophotesis will probably become
the most reliable of these tests as more informatton
is gathered (Kinzley and Emanuelson, in press).

Elephant plasma should be collected well in
advance of the earliest expected calving date, The
sterile plasma may be stored at —20°C for 6 months,
and at -70°C for 12 months. The donor elephant
should preferably not be the mother due to the
potential for isoantibodies, should be healthy, and
should be herpesvirus negative by whole blood PCR
tests performed with each plasma collection (Fowler
1986; Smith 1996). It is preferable to collect plasma
from elephants on-site, as it more likely offers resis-
tance to local infectious agents.

The volume of elephant plasma that should be
administered to a calf in cases of failure of passive
transfer (FPT) is not known, but it is likely that
amounts similar to that required for the foal are
necessary. Foals are given 40-80 mlkg TV over a
two- to four-day period (Smith 1996). For a 100-kg
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elephant calf, this would total 4-8 liters. This amount
is 100 large for one administration, especially for a
calf with normal hydration. Abeut 10-20 ml/kg is a
reasonable amount to give as one IV bolus over 30 o
60 minutes. Note that the volumes administered to
elephant caives to daie have been lower than recom-
mended equine amounts: 1.5 liters or less. Elephant
plasma may also be given orally during the first 24
hours after birth (first 6 to 12 hours preferred), but the
antibody content is likely to be lower than that found
in colostrum. Therefore a larger volume must be
given 10 approach a similar absorption. Colostrum or
plasma may have a local protective effect on the gut
even if Gl absorption is closed.

COMMON MEDICAL PROBLEMS
Diarrhea

Loose stools in a variety of colors may be “normal”
for formula-fed infants. Stool that is unusually odor-
ous, separated into chunks and liquid. or very liquid,
is abnormal. The frequency of stool production, and
the appearance of the stool that is considered nor-
mal for one particular calf, is helpful for determin-
ing the extent of diarrthea when it occurs. Changes
in formuia are used to manage mild diamrhea that
occurs without any additional clinical signs.
Options are to dilute the formula 25% to 50% for
one to three days; to discontmue the formula and
substitute water, electrolyte solution such as
Pedialyte, rice water, or rice milk for one to (wo
days; alternate each formula feed with a feed of
electrolyte solution for one to three days: or to
change 1o a different formula. When diarrhea is
severe, or accompanied by other clinical signs such
as lethargy. weakness, reduced appetite, colic, or
dehydration, diagnostic evaluation as well as treat-
ment is necessary. Recommended diagnostic tests
include a complete blood count; serum chemistry
analysis; urinalysis; acrobic/anaerobic fecal culture
for a variety of potential pathogens including
Salmonella, Closiridium, Campylobacter, entero-
toxigenic Escherichia coli, Psendomonas. and oth-
ers; fecal examination for parasites: and & fecal
cytology smear. Additional diagnostic tests 1o con-
sider include herpesvirus PCR. bloed culture, fecal
exam for cryptosporidia and giardia, fecal electron
microscopy or other evaluations for viruses, and
abdominal radiographs. Note that blood collection,
and also positioning for X rays, can be very stress-
ful for clephant calves, so the necessity for these
should be carefully considered. Treatment options

for diarrhea include dietary changes as above, with
emphasis on oral electrolyte fluids, Kaopectate oral-
ly, antibiotic therapy, intravenous fluid therapy, and
antiparasitic therapy when appropriate.

Constipation

Constipation has been reported in mother-reared
and hand-reared calves (Kinzley 1997}, This may
occur following a stressful event or abrupt diet
change. Signs include listlessness. anorexia, abdom-
inal contractions with no defecation (straining),
absence of defecation, and rubbing hindquarters
against the walls.

Treatments to considcer are enemas (may be nec-
essary 10 be given daily); antibiotics, corticos-
teroids, and vitamin B, if the calf is weak; and oral
cathartics such as mineral oil, but these should be
used with caution in very young animals as they
could cause further abdominal discomfort andfor
diarthea.

Metabolic Bone Disease/Rickets

Metabolic bone disease/nickets has occurred in
young growing elephants fed a diet with an imbal-
anced calcium:phosphorus ratio, or chronic intesti-
nal malabsorption (Fowler 1978: Richman 2000).
The recommended dietary calcium and phosphorus
levels have not been established, but multiple ele-
phant milk and formula analyses have been report-
ed (Kinzley 1997}, Access to sunlight may also be
important in the prevention of this disease, as a
source of vitamin [}, which is necessary for calcium
absorption. Diagnostic evaluation ray include eval-
vaiing serum calciurn and phosphorus ievels, radiol-
ogy, and formuia analysis. Treatment wouid involve
correcting the dietary imbalance, vitamin D injec-
tion in some cases., access to sunlight. and care with
regard 10 body weight and type of exercise (or any
activity that could lead to pathologic fracture).

Herpesvirns Infection

Twenty-two cases of the disease have occurred. 19
of these cases have been in young Asian elephants.
The disease is acute to peracute, and often rapidly
fatal. Recently. six young elephants with the discase
were treated with the oral antiherpes medication,
fameiclovir (Famviz, Smith Kline Beecham), and
of these cases three have survived. Two of the
cases that survived received famciclovir rectaily
{Richman 2000). A whole blood PCR test is avail-
able upon special request (Dr. Laura Richman.
Johns Hopkins Medica! School, Baltimore, MD}.



226 Hand-Rearing Wild and Domestic Mammals

Results from this test may not be received for one to
two days. Treatment may therefore need 1o be initi-
ated immediately based solely on history and clini-
cal signs. Symptoms include lethargy: weakness;
reduced appetite; diarrhea or lack of stool produc-
tion; cyanosis of the tongue up or diffuse swelling
and cyanosis of the entire tongue; swelling around
the face, trunk, and froat limbs; elevated heart rate;
coliapse; and sudden death. Not all of these symp-
toms have been seen in each case of herpesvirus
infection, and in older animals the symptoms have
appeared to be tess specific, It is advised that at least
a three-day supply of famciclovir be kept on hand at
the zoo when young calves are present. Famciclovic
has been used at doses ranging from 6 mg/kg every
12 hours, 10 12 mg/kg every 8 hours, orally or rec-
tally. The initial treatment protocol for herpesvirus
infection ts under review and should be discussed
with the veterinarian. It is recommended that hand-
reared calves be trained to allow a physical exami-
nation, especially of the oral cavity.

Sunburn

Elephants are susceptible to sunbum, especially on
the head. Ensure that adequate shade is available
during outdoor time. Sunscreen has been used on
calves, however effectiveness is uncertain and there
could be some potential for allergy, so covering the
calf with sheets, and keeping it in the shade are bet-
ter options. Treat sunburn with a soothing cream
such as vitamin E cream and restricted access to
sunlight umil healed.

Skin Dryness

Skin dryness has been noted in hand-raised calves,
which can cause a marked pruritus. Treat by apply-
ing a mixture of ianolin and mineral oil {1 lb lano-
lin added to 1 gal mineral oif) to the calf’s skin once
to three times weekly after gently bathing the calf
with warm water. [t may be advisable to test the calf
for allergy to the mixwre by applying a small
amount to the skin the first time it is used,

Umbilica! Infection

Umbilical infections have been reporied in ele-
phants, including one fatality {(Mikota, Sargent, and
Ranglack 1994), The newborn elephant has an cpen
umbilical sheath that can be mistaken for an umbil-
ical cord. The cord (umbilical artery and veins)
aciually retracts inside the sheath into the abdomen.
When disinfecting the umbilical sheath, use a
syringe to deliver the disinfectant into the open

umbilical sheath, as just dipping the structure may
not be adequate {Schmitt 2000). Serious umbilical
infection may be more likely in a calf that is
immunocompromised by FPT. siress, or other fac-
tors. Diagnostic evaluation includes aerobic and
anaerobic culture and sensitivity, Treatment in mild
cases consists of cleansing, gentle debridement. and
antiseptic flush with dilute Betadine or Nolvasan
once to twice daily. In more advanced cases, or
particularly in cases of FPT, add topical antibiotic
irrigation and systemic broad-spectrum antibiotic
therapy.

Trauma

An infant that has been rejected may have received
traumatic wounds from the mother, from other ele-
phants, or by birth accident. Diagnostic evaluations
include physical examination, aerobic and anaero-
bic culture and sensitivity of any infected wounds.
CBC, chemistries, radiology. An x-ray generator of
300 MA or greater will be necessary for all but the
distal extremities. Anesthesia may be reguired to x-
ray a calf that is not depressed or weak.

FLUID THERAPY

Adult elephant fluid requirement is approximately
30-50 mlkg/day (Fowler 1978). The infant require-
ment is likely to be higher. One calf was reported 1o
have an average milk consumption of 108-138
ml/kg/day, which continued up to 11 months of age
(Kinzley 1997). Active disease and fluid losses may
increase fluid requirement 0 two to four times
maintenance,

Subcutaneous fluid administration is not & good
option for therapy due to limited SQ space. Fluid is
well absorbed by the oral route, and this should be
used whenever possible, although clear fluids such
as electrolyte solutions should not completely
replace milk for more than two days due to caloric
reduction. Intravenous fluid therapy is used when
marked dehydration is present, especially if the calf
is anorexic. It is difficult to maintain an IV catheter
in an infant for continuous infusion. One option is to
give fluid by intermittent IV belus. As a guideline,
no IV belus should exceed 40 mikg, 20 mi/kg being
preferred; and the fluids should be given as slowly
as possible, over a 30- to 60-minute period.
Anesthesia should be considered if the calf is
extremely stressed by restraint for IV fluid adminis-
tration.

IV catheterization may be accomplished with an
18-gauge or 20-gauge catheter placed in the medial
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saphenous vein or car vein. Sloughing may occur
with the injection of medications other than fluids
into the vasculature of the ear. It may be difficult to
thread an over-the-needle catheter through the skin
on the hindlimb, Butterfly catheters may also be
used but are difficult to keep in place, even for short
periods. Use butfered 2% lidocaine infused into the
tissue over the vein for catheter placement. Suture
or apply surgical adhesive to help keep the catheter
in place.

Lactated Ringer's is a suitable fluid solution for
most cases. Do not add potassium chloride if the
fluids are given as a rapid I'V holus, Glucose may be
added to make a 2.5% or 5% solution if the blood
glucose is reduced below 60-80 mg/d!.

ANTIBIOTIC THERAPY

Commonly used antibiotics include ampiciilin,
amoxicillin, penicillin G procaine, and ceftiofur in
less-severe infections; amikacin or gentocin can be
added in more-severe cases, when hydration is
maintained, and if possible serum levels are mea-
sured. Avoid flucroquinalones and tetracyclines.

YACCINATIONS

Tetanus toxoid, a vaccination for Clostridiuni tetani,
has been given to adults, subadults. and neonates at
multiple zoological institutions. Give 1 ml IM, with
the first dose at three menths of age, and the second
dose at four months of age. Consider an initial dose
as early as the first day, if calf has not received
colostrum,

Tetanus antitoxin has been administered in adults
and could be considered for use in a neonale with
lesions likely 1o become contaminated with
Clostridium. However, note that fatal serum hepati-
tis has occurred following administration of tetanus
antitoxin to horses. Uncommon vaccinations such
as those for other clostridial diseases, encephalomy-
ocarditis virus, and rabies; and signs and treatment
for adverse reactions to vaccinations shouid be dis-
cussed with the veterinarian.

PHYSICAL AND BEHAVIORAL
DEVELOPMENT

Physica! development of hand-raised calves should
follow closely that of mother-raised calves. If a
hand-raised calf is not able to spend an adeguate
amount of time with other elephants, normal behav-
iors may be absent or slow to develop. The caretak-
ers may encourage some behaviors like dusting,
eating solid foods, mud wallowing, swimming, and
play behuviors. Further study is needed to determine
the effect of hand raising an the calf’s communica-
tion and social skill once it is integrated into a herd
(Fig 28.3).

SOLID FOODS

Although hand-raised calves experiment with solid
foods at an early age. they develop normal feeding
habits much more slowly than mother-raised calves,
Small amounts of solid food such as hay and other
adult elephant feeds may be affered to the calf
beginning at one or two months of age, Calves are

Figure 28.3 Elephant calf on
wa'k with caretaker.
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often are most interested in tasting foods being
eaten by their caretakers. Caretakers might be
able to generate more interest in appropriate foods
by pretending to eat them with the calf. As with
mother-raised calves, weaning, and consequently
hunger, may increase the calf's appetite for selid
food. It has been recommended that young calves be
encouraged to ingest small amounts of healthy,
screened, adult elephant feces on a regular basis
{Sheldrick 1993),

TIPS FOR WEANING

Very little information has been reported on wean-
ing of hand-raised calves, Mother-raised calves are
weaned between the ages of four and five years,
which is usually when the next calf is born.
However, after the age of two, the volume of miik
they consume begins to gradually decrease (Moss
1992).

Many hand-raised African calves have been suc-
cessfully weaned at the Sheldrick Wildlife Trust
orphanage in Kenya. They describe their process for
weaning as follows: when the calf is four to six
months of age, milled whole batley, oatmeal cereal,
and desiccated coconut are added to the calf’s for-
mula (they use Wyeth's SMA Goidcap/526). One
tablespoon of each ingredient is added initially, then
the amounts are gradually increased until the for-
mula becomes the consistency of porridge. This
introduces an appropriate type of fat, and more solid
foods to their diet. At nine months, the caif shonld
be receiving the largest volume of formula at about
28 liters/day. After this point, the amount of formu-
'a is very gradually decreased. At one year, either
bottles are mixed with half 526 formula and half
skim milk, or a skim-milk-based milk replacer is
used instead of $26, with ao antibiotics added.
Cocomt continues to be added to the formula, After
two years of age, the formula and skim milk are
gradually replaced with water, but the calf is still
bottle-fed until the age of five years. Enabling the
calf to nurse as it would if it were mother-raised
may be important for both the physical and psycho-
logical health of the calf (Sheidrick 1993).

SOURCES OF PRODUCTS MENTIONED
Grober Company, Cambridge, Omario, Canada;

Phone: §19-622-2500, 1-800-265-7863;
www.grober.com

Smith Kline Beecham, Philadelphia, PA
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Nondomestic Equids

Terry Blakeslee and Jeffery R. Zuba

INTRODUCTION

The successful hand rearing of the nondomestic
equid foal is dependent upon many faciors. This
mcludes accurate tecord keeping, dedicated and
experienced animal care personnel, facilities appro-
priate for the species, unique husbandry practices,
and quality veterinary care. The size, disposition,
and vaiue of these nondomestic equine neonates
make them a challenge to hand raise. Attempts are
always made te allow the mare {o raise her offspring
but at times intervention is necessary. Generally,
thesc foals have only been hand raised due (o mater-
nal neglect or medical problems that may compro-
mise the foal's health and survival. If appropriate.
debilitated neonates are treated, stabilized, and rein-
troduced to their mare to allow natural rearing (o
QCCUr.

The San Diego Wild Animal Park (SDWAP) cur-
rently exhibits six species of nendomestic Equidae.
The Preewalski's horse (Equus priewalskin),
Grevy's zebra (Eguus grevvi grevyi), Hartmann's
mountain vebra (Eguus zebra hartmannae), and
Somali wild ass {Equus africanus) have been hand
taised at this institution (see Table 29.1). There is a
paucity of information on the protocols and prac-
tices for hand raising these species. Fortunately,
there are excellent references as well as a Chapter 4
in this book, available on the domestic equine
neonate, which are readily applicable to their non-
domestic relatives (Koterba, Drummond, and Kosch
1990; Madigan 1997; Orsini and Divers 1998),

RECORD KEEPING

Maintain a daily log of formula intake, body
weights, and fecal owtput and consistency. Horses

Tabie 29.1 Biologicai Data for Hand-Raised Nondomestic Equidae at the SDWAP

Przewalski’s Grevy's Hartmann's Somali
horse zebra mountain zebra  wild ass
Birth weight (kg) Avg:232 Avg: 37.5 Avg: 36,8 Avg: 241
Range: Range: Range: Range:
18.6-28 29.547 30.5409 22.8-25.5
N=§ N=6 N=35 N=2
Seasonal births no no no no
Daily weight gain (kg) Avg: 0.7 Avg: (L6 Avg: 0.62 Avg: (.52
Range: Range: Range: Range:
0.1-2.2 (.5-13 not available 0.1-1.3
N=1 N=1 N=1 N=2
Age at weaning 4 1/2 months 4 1/2 months 4 1/2 months 4 1/2 months
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urinate and defecate without the assistance of phys-
ical stimulation. Body temperature should be
obtained twice daily for the first several days,
longer if the foal’s condition is compromised. This
can be accamplished using a rectal thermometer
while the foal is nursing its first and last bottle of
each day. Note exercise times and behavioral
changes. Weigh daily for two weeks, every other
day for an additional two wecks, twice a weck until
three months of age, and once a week until weaned.
Weights may be obtained by leading the foal onto a
platform scale with the formata bottle.

EQUIPMENT

The foliowing items should be on hand: a pliable, 1-
liter polyethylene laboratory bottle (Fisher) with a
narrow mouth, an artificial lamb’s nipplte with
a small crosscut opening, 1- and 2-liter calf bottles,
a slender calf nipple with a smail crosscut opening
{Nasca), large containers with screw tops for storing
formula, large cooking pot, hot plate, refrigerator,
sink, disinfectant, bottle brush. measuring cups,
gram scale, and walk-on platform scale. Any type of
room heater and electric blanket may be needed.

CRITERIA FOR INTERVENTION

All four species should be on their feet approxi-
mately 30 minutes after birth. The foal should
become strong enough to keep up with the dam,
Should the foal’s legs appear weak, consider apply-
ing external support, such as splints or wraps, which
will allow it to keep up with the dam. Nursing
should be seen frequently and within the first sever-
al hours. It is common to see the foal sleeping in lat-
eral recumbency. A problem is indicated if the foal
is seen alone for extended periods when awake,
appears weak, or is having trouble keeping up with
the dam. Any deviation from the normal rectal body
temperature of 100.5-102.5°F (38.0-39.2°C) may
be an indication of poor health. The stool should be
tan of yellowish in color and the consistency of stiff
putty or firmer. A healthy foal may not have a stool
for the first 24 to 48 hours. For foals with diarrhea,
a fecal sample should be submitted for culture of
enteric pathogens and internal parasite screen.

The dam’s history in raising foals should be con-
sidered as wel!l as her current attentiveness toward
the foal. If the dam’s attentiveness is in question,
nonintervention is strongly recommended, allowing
a strong bond to develop. Aggression from the stal-
lion should be of immediate concern. A breeding
Przewalski’s horse stallion, new to the callection,

should not be introduced to a group of pregnant
mares, as he will kill offspring he did not sire. This
is also thought 10 be true of Grevy's zebra.

INITIAL CARE AND ASSESSMENT

Upon arrival at the nursery, the foal should be
weighed, its temperature obtained, and the umbilicus
dipped in 3% iodine. The iodine treatment is contin-
ied until the umbilicus is dry and healed. Body tem-
peratures are obtained twice daily for the first week.
Ideally, a complete velerinary exam is given upen
arrival. In a weak or debilitated foal, blood is collect-
ed from a neck vein and analyzed for a complete
blood count, biochemical profile, and immunoglobu-
lin levels using an Equi-Z test (V.M.R.D), At 24
hours after the first nursing, blood is collected from a
healthy foal, or repeated for the debilitated foal, and
analyzed for immunoglobulin levels.

If the foal is hypothermic, wrap 1t in an electric
blanket and place it in @ warm room. Take care not
to raise the body temperature too rapidly. Bottle-
feeding should not be attempted when the body
temperature is below 96°F (35.5°C), as formula
may not be digested due 10 decreased gasirointesti-
nal motility. Subcutaneous fiuids may be given to a
normothermic foal. using 2.5% dextrose in 0.45%
NaCl, if the foal is mildly dehydrated. Intravenous
administration of fluids or total parenteral nutrition
may be indicated, using the jugular vein, in the clin-
ically dehydrated foal or when there is the assumyp-
tion that no nursing will occur within the next 24
hours in a debilitated animal. In addition, when a
debilitated foal is known not to have nursed from its
dam, intravenous equine plasma administration is
considered,

During the first week, attempts should be made to
keep the foal in a clean environment. This will
decrease the chance of an overwhelming infection
in an pmumunologically naive or debilitated foal.
Weur separate coveralls, disposable gloves, and
booties when caring for the foal, especially when
working with other species. Wash the bottle and nip-
ple in a disinfectant after every feeding. Change the
bedding and disinfect the stall daily.

FORMULAS AND SUPPLEMENTS

Equine mitk is similar to rhino milk in that it is low
in fat, solids, and proteins, but high in carbohydrates
(Oftedal and Iverson 1995), The formula i$ commer-
cial, fresh, nonfat, and 1% low-fat cow’s milk, pow-
dered edible grade lactose (AMPC), and tap water, in
a ratio of 9:9:1:3, This is an example formula: 900 ml
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nonfat milk, 900 ml 1% low-fat milk, 100 g of lactose
powder, and 300 ml water. First. reconstitute 100 g of
lactose powder in 300 mi (300 g) of water, beating
and stirring this mixture in order to dissolve the lac-
tose completely. This lactose solution now becomes
four parts (400 g) of the formula, and when cooled. is
added to the 900 ml of nonfat and 900 mi of low-iat
cow's milk. At our facility, the lactose solution is
made in large batches and refrigerated for a maxi-
mum of four days. When measuring from a large
batch, the amount is measured in weight rather than
volume, since the addition of lactose powder to water
causes the water to become more dense. The same
formula ratio is used until the foal is weaned. A lig-
uid ron supplement such as ViSorbin (Animal
Health) may be added to the morning boutle. The
dosage is 0.33 ml/kg of body weight until the foal is
approximately two months of age, at which time the
dosage is held constant.

Reagent grade powdered dextrose (Sigma) may he
used as a substitute if lactose is unavailable. Lactose
is preferred, as it is the type of sugar found in home
milk. The powder may be stored at room temperature,
however. the lactose-water solution must be refriger-
ated. Prepared formula, which may be made in batch-
es, must be refrigerated and used within two days.

Equine, as other ungulates, may have a tendency
10 eat dirt, This may be an indication of inadequate
formula intake or. in older foals, the interval
between bottie-feedings may be too large. If there is
concern, a psyllium product such as Equi-Aid
{Equi-Aid) may be added to the bottles (5 cc/d.5 kg
of body weight) to facilitate the passage of dirt
through the foal’s system.

WHAT TO FEED INITIALLY

A newborn should be fed horse's or cow's
colostrum for the first 24 hours of nursing to pro-
vide important factors such as immunoglobulins. At
the time the foals discussed in this chapter were
raised, the availability of equine colostrum from a
reliable source was in guestion. However, since that
time, several commercial companies have made
equine colostrum and colostrurn replacers available.
These sources may be found on the intermet. To
date, the authors have not had the opportunity to
apply these products in rearing nondomestic equids.
Do not overheat colostrum, as this may destroy
important immunoglobulins and proteins.

A mixture of colostrum and formula, as described
below, is offered at a ratio of 1:1 for the following
24 hours. Continue feeding formula with the addi-

tion of 10% colostrum until the foal is one month of
age. at which time the colostrum may be discontin-
ved. Long-term feeding of colostrum provides
nutrients and local immunity to the gastrointestinal
track on a daily basis.

Commercially available cow’s colostrum replac-
er, such as Colostrum Plus (Jorgensen) may be used
when fresh or frozen horse or cow's colostrum is
unavailable, Tt should be mixed with formula in a
ratio of 1:! and fed for ihe first 48 hours. The
replacer is handled similarly o fresh colostrum,
therefore is added as 10% of the formuia for the first
month. If colostrum or colostrum replacer is not
available, use full-strength formula.

NURSING TECHNIQUES

The formula temperature should feel warm o the
wrist. It appears that foals are sensitive to formula
temperature and seem to prefer the formula a little
cooler than most other ungulates. As it is difficult to
acquire calf nipples that are soft and supple, a supple
lamh’s nipple affixed to the laboratory bottle may be
used initially to encourage nursing (Fig. 29.1).

Figure 29.1 Feeding a one-month-old Somali
wild ass.




232 Hand-Rearing Wild and Domestic Mammals

A small crosscut, 0.3 cm in each direction, in the
nipple is recommended. Foals tend to aspirate easi-
ly during nursing. Signs of aspiration include
coughing, nasal congestion, or milk running from
the nose. Aspiration of formula may result in pneu-
monia. When these symptoms appear, the crosscut
is probably too large. Keeping the foal's head low,
approximately in line with its body as it nurses, also
helps to prevent aspiration. When the crosscut is 100
small, the foal may tire of sucking before consum-
ing an adequate amount of formula. If the foal does
not nuese continuously, the forrmula may be the
wrong temperature, Once the foal is nursing well,
switch 10 a calf bottle and nipple, if possible, as
larger bottles will be needed as formula consump-
tion increases. Since the foal becomes familiar with
the rate of flow and feel of its nipple, only one nip-
ple should be used. Tube feeding has never been
found to be necessary at this Facility.

It is more important with this species than with
most other ungulates to approximate the nursing
posture up under the dam in order to stimulate nurs-
ing. The keeper should stand with his arm slightly
out from his side, allowing the foal to come from
behind and nuzzle under the arm. Hopefully, this
will stimulate searching behavior for the nipple. A
foal does not like the entire nipple. but just the tip,
in its mouth.

The foal will need to be restrained during initial
feedings if it does not take the nipple on its own.
Stand next to the foal, facing the same direction. Put
its head under your arm. While supporting the chin
with that hand, introduce the nipple and hold the
bottle with the other. You may have to hold the
foal’s lips firmly arcund the nipple while moving
the nipple in and out slightly, 1o encourage nursing.
Use at least one more person to keep the foal from
backing away, as it will probably fight this proce-
dure until nursing begins. Be watchful around
Grevy's zebras, as they are powerful kickers.

Have on hand a variety of nipples that are more
supple or shaped differently, to try if the initial nip-
ple is not accepted.

AMOUNTS TO FEED AND FREQUENCY

Foals do not need to be fed around the clock.
Feedings may be offered every two hours from 6
AM. until 6 PM., a total of seven feedings per day,
However, since equine are adapted to consume
smaller amounts of milk over longer pertods, the
foal may not finish the entire bottle when first
offered. The unfinished portion must be refrigerat-

ed, then reheated and offered again one-haif 1o one
hour later. Measure and discard any formula not
consumed after it has been reheated once. Offering
smaller quantities every hour, measuring and dis-
carding the unfinished formula, would be an alter-
native to reheating unfinished formula. The daily
amount offered is determined by body weight,
beginning at approximately 10%. divided equally
among the seven feedings. This amount is
reassessed every morning and increased ta account
for daily weight gains and appetite until the foal is
consuming appraximately 16 10 18% of its body
weight at two weeks of age. However, do not exceed
the stamach capacity, which is calculated by multi-
plying the body weight in kg by 50, For example, a
20-kg foal will have a stomach capacity of about
one liter. It is recommended not to exceed 80% of
its stomach capacity; which for this example would
be 800 cc. An additional feeding may be necessary
if weight gains are not sufficient and appetite does
not warrant an increase in the current bottles. A low
body temperature may also be an indication that the
foal is not consuming enough formula.

After three weeks of age, the foal’s appetite may
dictate decreasing the percentage of daily intake to
approximately 11 to 14% of its body weight, pro-
vided its weight gains continue to remain constant.
Weight gains seem to be the most important param-
eter o monitor. With the 1otal daily volume remain-
ing constant, feeding frequency should be decreased
to five times per day at approximately four weeks of
age. four times per day at two months, and finally,
three times per day when the foal is three months
old. Continue offering unfinished botiles one-half to
one hour later. If dirt eating appears or increases at
this time, return to four feedings per day. This time
schedule then coentinues until weaning. Formula
increases are discontinued at approximately two
months of age, as the foal is usually eating solids by
this age.

HOUSING

An air temperature of 60-85°F (15,5-29.4°C) is sat-
isfactory for a healthy foal. Plan to use a heater at
night if the air temperature is expecied to drep
below 60°F. For a hypothermic or debilitated foal, a
constant temperature of 80-85°F (26.7-29.4°C) is
recommended. The bedding should be placed over a
nonskid surface. A thick layer of sudan hay is a
good choice for bedding. Other types of hay or
wood shavings would also be appropriate.

A large exercise yard is important for physical
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and mental development. A healthy foal should be
exercised approximately 3¢ minutes, twice daily,
which includes some running. This daily exercise
encourages normal defecation. A keeper will need
to run along with the foal as it will not usually exer-
cise on its own, even as it grows older. Be careful—
wild equine neonates like to kick vp their heels as
they run by the keeper. If another equine is being
raised at the same time, they may be placed togeth-
er at one week of age, or earlier if the foal is strong
and healthy, with keeper supervision. The ipitial
introduction should take place in an area large
enough to allow some distance between the two ani-
mals until they become accustomed to one another.
The two may need to be separated overnight until a
bond has developed. This may take approximately
one week. When another equipe neonate is not
available, a large ungulate neonate might be an
option as a companion. Two animals will be more
likely to exercise without a keeper’s prompting. A
companion animal will also discourage the foal
from becoming dependent on keepers for comfort
apd security.

TIME TO WEANING

Equine tend to eat solids at a young age and may be
weaned as early as four to four and one half months.
At approximately 11 wecks of age, the midday bot-
tle is decreased daily over two weeks’ time, until
approximately 240 ml remain, at which time it is
deleted. As an example, for a foal receiving 2.25
liters of formula per bottle, the middle bottle would
be decreased 155 mi every other day. The two
remaining bottles are then decreased simultaneous-
ly, every other day, by the same amount as the
midday bottle had been decreased, {55 ml in our
example. This takes an additional four weeks, at
which time both are deleted. An alternate method,
especially if the foal is still on four feedings per day,
is to dccrease all bottles equally over a six-week
period and delete them all at the same time.
Decreasing the formula to a small amount helps the
foal to stop expecting a bottle once it 15 deleted.

TIPS FOR WEANING FROM FORMULA TO
SOLID FOOD:

Offer one-fourth-inch, tow-fiber 16% ADF herbi-
vore petlet {O.H. Kruse), a high-milk-content pellet
{Perfection Brand Milk Pellet also available from
Q.H. Kruse), a grain and molasses feed, and rolled
cormn and barley at two weeks of age. Foals seem
more apt to eat out of a food b when it is hung

from a wall, approximately 760 cm from the
ground, Once the foal begins eating solids well, the
corn and barley are discontinued, the milk pellet and
grain and molasses feed is held at a small amount,
with unlimited amounts offered of the low-fiber pel-
ler. Alfalfa hay is offered along with grass hays,
such as sudan and bermuda, 1o encourage the intake
of hay. Once the foal begins to consume a signifi-
cant amount of alfulfa, it is eliminated as i is
thought to precipitate enterolyths. At weaning time,
the milk peilet is deleted and the low-fiber peliet is
gradually replaced with a high-fiber 25% ADF her-
bivore pellet {O.H. Kruse), Carrots may be offered
as treats,

COMMON MEDICAL PROBLEMS

There are many medical conditions documented at
the SDWAP when hand raising nondomestic equid
species. In general, it appears that these neonates
are susceptible to the same diseases and problems
common to their domestic equine counterpart.
Treatment of infections with antibiotics and other
appropriate medication is administered as would be
in the domestic equine. As stated previously, there
are many veteripary text books and journals avail-
able that provide this important information,
Musculoskeletal problems include fetlock joint
laxity and contracture, gore wounds, fractured
bones, and conformational defects such as angular
limb deformities and uneven hoof wear. Bacterial
infections of the umbilicus {omphalitis), blood-
stream {sepsis), joints, respiratory system {pneumo-
nia), and gastrointestinal system (enteritis) have
been diagnosed in neonatal foals at the SDWAP.
Gastroiniestinal discase appears 1o be the most
frequent problem in the equine species hand raised
at our institution. Clinical diarthea in the neonatal
foal may be caused by infection, stress, or formula
intolerance. Since infectious enteritis is 4 potential-
ly fatal problem, a rectal culture is submitted to
screen for enteric pathogens immediately. Due to
the ability to infect humans, zoonotic bacterial
enteric infections such as Campylobacter spp. and
Salmonella spp., wher identified, are treated
aggressively, These foals are isolated, treated with
appropriate antibiotics, and cultured three times
during the week following treatment to ensure they
are negative for these enteric pathogens. In cases of
persistent diarrhea, an oral electrolyte solution such
as Biolyte (Pharnmacia and UpJohn) or Pedjalyte
{Ross) may be offered in place of formula for 24
hours to allow the gastrointestinal tract to rest,
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Formula is then gradually provided back to full
strength over a two- to four-day period, altemnating
electrolyte solution with formula bottles. Do not
dilute the formula with the electrolyte solution, as it
has been shown to inhibit the formation of milk
clots in the stomach, which are necessary for prop-
er digestion. It is thought that by alternating formu-
la bottles with electrolyte bottles, the milk has
enough time to clot. This is 2 way of gradually rein-
troducing formula after gut rest. If 2 more extended
reintroduction is desired, a formula bottle may be
offered every third or fourth feeding. A psyHium
product such as Equi-Aid, provided at manufacturer-
recommended doses, may also be added to every
bottle to improve stool consistency. If inappetence is
accompanied by foss of energy or vitality in the
foal, sickness must be considered.

The susceptibility of domestic foals to stress-
induced gastric ulcers warrants the use of preventa-
tive ulcer medications, such as sucralfate, cimetidine,
and omeprazole, and are conunonly provided at our
institution. Teeth grinding is abnormal and may be an
indication of pain. Constipation may occur if ade-
quate exercise is not routinely provided or if insuffi-
cient fluid intake has occurred. A warm-water enema
should be considered if this continues for more than
24 hours or there is evidence of straining to defecate.
Internal parasite infections such as Giardia spp, have
been identified and may have caused clinical diarthea
in one foal.

We have not diagnosed any of the common domes-
tic equine viral diseases in our nondomestic neonatal
foals but they ate assumed to be susceptible, Vaccines
intended for use in the domestic equine such as
Cephalovac (Boehringer Ingelheim) have been safely
used at manufacturer-recommended doses and
administration intervals in our equine species at the
SDWAF. However, the efficacy of such vaccines has
not been proven.

The neonatal foal that has not received mare’s
colostrum will be deficient of important maternal
antibodies necessary to combat infections while the
neonate’s immune system is developing. The term
“failure of passive transfer” (FPT} is used to
describe this condition and typically represents a
medical challenge. Since these FPT foals are some-
times also found to be hypothermic, hypoglycemic,
and potentially in shock, standard equine critical
care medical procedures and protocols are instituted
immediately (Koterba et al. 1990; Madigan 1997,
Orsini and Divers 1998). As in all of our nondomes-
tic hoofstock neonate species, the administration of

intravenous conspecific plasma is ideal and found to
be clinically rewarding. The SDWAP has frozen
plasma from over one hundred nondomestic hoofs-
tock species available for the FPT neonate.

INTEGRATION BACK INTO THE GROUP
OR TO A HOLDING PEN

Hand-raised Przewalski’s horse and Grevy's zebra
colts should not be placed back into a herd contain-
ing a breeding sire, however, they can be placed
with a group of adult femaies. Hand-raised fillies
may be placed in a herd with a breeding sire or a
group of females only, Adult female Grevy’s zebras
may be a threat to a young hand-raised animal of
either sex and should be closely monitored. Foals
and the herd should have visual access to each other
for at least one week prior to any introduction. A
hand-raised Somali wild ass has not been reintro-
duced to the herd at this institution, however, we
would follow the same guidelines.
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Rhinoceros

Terry Blakeslee and Jeffery R. Zuba

INTRODUCTION

The rhinoceros calf presents several challenges for
those involved with the hand rearing of this unique
species. Large size at birth, rapid growth, disposi-
tion. facility requirements, value to the coflection,
and lack of information on specific nutritional needs
are a few of the difficuliies that must be addressed.
As with all of the species hand raised at the San
Diege Wild Animal Park (SDWAP), success is
dependent upon accurate record keeping, dedicated
and experienced animal care personnel, unique hus-
bandry practices, and quality veteninary care.

The SDWAP has hand raised East African black
(Diceros bicornis michaell) and southern white
(Ceratotherium simum simum) thinoceros neonates
(Table 30.1) due to maternal neglect or medical
problems that compromised the calves’ health. If
possible, attempts are made to reintroduce a tran-
siently debilitated calf to its mother following a
period of treatment and stabilization in our nursery,

Since there is a lack of information on hand rais-
ing members of the Rhinocerotidae family, we rely

on veterinary reference material available for the
domestic equine neonate as both animals are mem-
bers of the order Perissodactyla (Orsini and Divers
1998; Madigan 1997. Koterba. Drummond, and
Kosch 1990). However, this association is made
with caution since there are notable differences. For
instance, analysis of rhinoceros mother's milk is
somewhat different from that of the horse, therefore,
replacement milk forrnula must reflect this dispari-
ty (Oftedal and Iverson [9935),

RECORD KEEPING

Accurate record keeping is extremely important.
Maintain a daily log of formula intake, body weight,
body temperatures. and fecal output and consisten-
cy. It is helpful to have this information in a format
such that one month'’s statistics may be viewed on
one page. Note exercise times and behavioral
changes each day. Rhinoceros calves should urinate
large amounts daily without the assistance of phys-
ical stimulation. Weigh the calf a1 the same time
each day for two to four weeks, every other day

Table 30.1 Bio!ggical Data for Hand-Raised Rhinocerotidae at the SDWAP

East African black rhinoceros

Southern white rhinoceros

Birth weight (kg) Avg: 355

Range: 23.3-48.6
n=56

No

Avg: 0.87

Range: 0.1-3 kg/day
n=2

Range: 12-15 months

Seasonal births
Daily weight gain (kg)

Age at weaning

Avg: 62.7

Range: 43,1-78.6
n=5

No

Avg: 1.4

Range: 0.4-3 kg/day
n=2

Range: 12—15 months

236
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until two months of age, twice a week until three
months of age, and once a week until five 10 six
months of age. Weights may be obtained by leading
the calf onto a platform scale while it is nursing on
a bottle.

EQUIPMENT
The following items should be on hand:

Pliable, L-liter polyethylene laboratory bottle with
a narmow mouth (Fisher)

Artificial lamb's nipple with a crosscut opening
(any local ranch supply siore)

Calf bottles and calf nipples (Nasco)

Large containers with screw tops for storing for-
mula

Large cooking pot, hot plate, large refrigerator,
sink, disinfectant, and bottle brush

Measuring cups, gram scale, walk-on platform
scale

Large stuffed animal to serve as a companion

Tn addition, a radiant room heater, or other safe
heating system, and an electric blanket may be
needed.

CRITERIA FOR INTERVENTION

A newborn rhinoceros should be up and walking
within approximately one hour after a normal birth,
Following a dystocia. the dam may be too exhaust-
ed to ciean and care for the calf immediately.
Similarly, calves weak from a dystocia or breach
birth may also take longer to stand. This, however,
does not mean that intervention is necessary, Close
monitoring is warranied. Nursing should be seen
frequently and within the first five hours. The dam
often lies on her side while nursing the calf. At this
institution, southern white rhinoceros are allowed to
calve in u large exhibit area where the dam will take
the calf for long walks, usually beginning the day of
birth, The calf should be with the dam constantly
and touching her while sleeping. A problem is indi-
cated if the calf is seen alone for extended periods,
appears weak, or is having trouble keeping up with
the dam.

If the damn and calf can be safely separated, daily
weights of the calf should be obtained. Normal daily
weight gains are representative of nursing success,
Calves with suboptimal weight gains have been pro-
vided with supplemental bottle-fecdings, however
this is dependent on the disposition of the calf and
dam. The stool should be gray or yellowish gray in

color and the consistency of stuff putty. A healthy
calf may not have 2 stool for the first 24 to 48 hours.
For all calves with diarrhea, a fecal sample should
be submitted for culture of enteric pathogens and
internal parasite screen. Daily observations of the
calf’s stamina are mmportant, as its condition may
decline rapidly. Any deviation from the normal rec-
1al body temperature of 98.5-100°F (36.9-37.8°C)
is likely an indication of poor health.

INITIAL CARE AND ASSESSMENT
IN THE NURSERY

Upen arrival at the nursery. the calf should be
weighed, its temperature obtained. and the umbilicus
dipped in 3% iodine. The iodine treatment is contin-
ued until the umbilicus is dry and healed. Body tem-
peratures are obtained twice daily for the first week.
This may be accomplished using a rectal thermome-
ter while the calf is nursing its first and last bottle of
each day. ldeally, a complete veterinary eXam is
given at this time. In a debilitated calf, blood is col-
lected from an ear or leg vein {medial saphenous or
cephalic) and analyzed for a complete blood count,
biochemical profile. and immunoglobulin levels, At
24 hours after the first nursing, blood is collected
fram a healthy calf or repeated for a debilitated calf
and analyzed for immunoglobulin levels.

If the calf is hypothermie, wrap il in a heating
blanket and place it in a warm room. Care must be
taken not to raise the body temperature too rapidly.
Bettle-feeding should not be attempted when the
body temperature is below 96°F (35.5°C) as formu-
la may not be digested due to decreased gastroin-
testinal motility. Intravenous administration of
fluids or total parenteral nutrition may be indicated
in a nonnursing animal to maintain hydration or
caloric needs. In rhinoceros, an intravenous catheter
is placed in an ear vein, supported by a rolled gauze
pad placed tnside the pinnae, and taped around the
car. If the calf has tailed to nurse from its dam and
appears weak or debilitated, intravenous rhinoceros
plasma administration is considered.

During the first week, cvery attempt should be
made to keep the calf in a clean environment. This
will decrease the chance of an overwhelming infec-
tion in an immunologically naive debilitated calf.
Wear separate coveralls, disposable gloves, and
booties when caring for the rhinoceros, especially
when working with other species. Wash the bottle
and nipple in a disinfectant after every feeding.
Change the bedding and disinfect the stall daily.
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WHAT TO FEED INITIALLY

If it is possible 10 obtain milk from the dam, offer
her milk for as long as possible, following the
guidelines described under Amounts and Frequency
of Feeding below. As it is difficult to milk a suffi-
cient amount from the dam, you may have to sup-
plement her milk with cow’s colostrum, which may
be available from a local dairy. When the dam’s
milk is not available, offer cow’s colostrum for the
first 24 hours to provide important factors such as
immunoglobulins. Rhinoceros calves seem to prefer
their formula at approximately 99°F (37.2°C). Do
not overheat colostrum as this may destroy impos-
tant immunoglobulins and proteins. A mixture of
cow’s colostrum and formula, as described below, is
offered at a ratio of 1;1, for the following 24 hours.
Continue feeding formula with the addition of 10%
colostrum until the calf is one month old, at which
time the colostrum may be discontinued. Long-term
feeding of colostrum provides nutrients and local
immunity 10 the gastrointestinal tract on a daily
basis.
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Commercially available cow’s colostrum replacer
such 2s Colostrum Plus (Jorgensen) may be used
when fresh or frozen cow's colostrum is unavail-
able. It should be mixed with formula in a ratio of
1:1 and fed for the first 48 hours. The replacer is
handled similarly to fresh colostrum, and therefore
is added as 10% of the formula for the first month.
If cow's colostrum or colostrum replacer is not
available, begin full-strength formula.

FORMULAS AND SUPPLEMENTS

Rhinoceros milk is high in carbohydrates, low in
solids and proteins, and very low in fat (Oftedal and
Iverson 1993}, Fresh nonfat and 1% low-fat cows
milk, powdered edible grade lactose (AMPC), and
tap water or bottled water are used in a ratio of
27:9:1:1. This is an example formula: 270 ml non-
fat milk. 900 ml 1% low-fat milk, 100 ml water, and
100 g lactose powder. First, reconstitute 100 g lac-
tose powder in 100 ml (100 g) water, heating and
stirring this mixture in order to dissolve the lactose
completely. This lactose solution now becomes two

Table 30.2 Rhino Formula and Guidelines used at the San Diego Wiid Animal Park

Age Formula Ratios Feedings per day'

I day old 100% cow’s colostrum 7 times, every 2 hrs

2 days old NFC:LFC:Lactose:H,0 27:9:1:12 7 times, every 2 hrs
w/ 50% colostrum

3 days to | month, NEC:LFC:Lactose:H,0 27:9:1:1 7 times, every 2 hrs

early lactation formula w/ 10% colostrum

1 to 3.5 months, early NFC:LFC:Lactose:H O 27:9:1:1 5 times, every 3 hrs?

lactation formula

3.5 to 6 months, NFC:LFC:Lactose:H,0 27:9:1:2 4 tumes

midlactation formula

6 to 9 months, NFC:LFC:Lactase:H,0 27:9:1:3 3 times

midlactation formula

9 10 12 months, NFC:LFC:Lactose:H,0 27:9:1:4 3 times

midlactation formula

12 o 15 months, late NFC:LFC:Lactose:H,0 27:9:1:6 2 times

lactation formula

15 to 16 months, late NFC:LFC:Lactose:H,0 27.9:1:8 2 times

lactation formula

Note: NFC = Liquid nonfat cow’s milk (skim milk); LFC = Liquid low-fat cow’s milk (1% fat); Lactose—
powdered, edible grade dextrose (reagent grade) may be substituted for the lactose.

'Day consists of a twelve-hour period from 6 AM. 10 6 PM,

227 parts NFC 10 @ parts LFC to 1 part lactose o 1 part water.

*At roughly two months of age the calf can go to 4 numes per day.
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parts (200 g) of the formula, and when cooled is
added to the 2700 ml of nonfat and 900 mi of low-
fat cow’s milk. At our facility. the lactose solution is
made in large batches and refrigerated for a maxi-
mum of four days. When measuring from a large
batch, the amount is measured in weight rather than
volume, since the addition of lactose powder to
waler causes the water to become more dense. As
the calf grows, the lactose solution becomes less
concentrated (Table 30.2).

Reagent grade powdered dextrose (Sigma) may
be used as a substitute if lactose i5 unavailable.
Lactose is preferred as it is the type of sugar found
in rhinoceros milk. The powder may be stored at
room temperature, however, the lactose-water solu-
tion must be refrigerated. Prepared formula, which
may be made in batches, must be refrigerated and
used within two days. A liquid iron supplement such
as ViSorbin (Animal Health) may be added daily to
the first bottle. The dosage is 0.33 mlkg of body
weight until the calf weighs 120 kg, at which time
the dosage is held constant at approximately 40
ml/day.

Rhinoceros calves, as other ungulates, have a ten-
dency to eat dirt, which may be an indication of
inadequate formula intake. If the calf's appetite
does not dictate an increase in formula or an
increase does not solve the problem. a psyllium
product such as Equi-Aid (Natural Psyllium Fiber.
Equi-Aid) may be added to every bottle for several
days, as prescribed by the manufacturer, to faciiitate
the passage of dirt through its system. The intake of

dirt should not be allowed as impaction of the diges-
tive tract may occur.

NURSING TECHNIQUES

Rhinoceros calves prefer their milk cooler than
many other ungulates or, as stated earlier, approxi-
mately 99°F (37.2°C). As calf nipples are often too
stift, a supple tamb’s nipple affixed to the laborato-
ry bottle may be used initially to encourage nursing.
A crosscut, 0.6 em in each direction, for an opening
is preferred over a single hole, which may con-
tribute to aspiration. Signs of aspiration may include
coughing. nasal congestion, or milk coming from
the nose. If these symptoms appear, the crosscut is
100 large. A small amount of milk dripping from its
mouth as the calf nurses may be nonmal
Conversely, if the calf nurses well, but appears to0
tire before the milk is consumed, the crosscut may
need to be enlarged. If the calf does not purse con-
tinuously, the formula may be the wrong tempera-
wre. Once the calf is nursing well, begin using a calf
bottle and nipple, as larger bottles will be needed as
the young rhinoceros grows (see Fig. 30.1}. When it
takes more than one bottle per feeding. multiple nip-
ples and botties may be used, as rhinoceros are not
selective about their nipples. Tube feeding has not
been used at this institution.

The calf will probably take the nipple on its own
if it has not previously nursed from the dam. If it
refuses the nipple, the calf may need to be restrained
during initial feedings. Kneel next to the calf, facing
the same direction. Put its head under your arm.

Figure 30.1 Feeding a 6.5-
month-old southern white
rhinoceros calf.
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While supporting the chin with that hand, introduce
the nipple and hold the bottle with the other. You
may have to hold the calf's lips firmly around the
nipple while moving the nipple in and out slighly to
encourage nursing. Use at least one more person to
keep the calf from backing away, as it will probably
fight this procedure until nursing begins. Try nip-
ples that are more supple or shaped differently if the
calf continues to resist nursing.

Rhinoceros calves have limited venipuncture
sites available for blood collection. Therefore,
desensitization of the calf’s ears by routine touching
and manipulation during nursing increases the
chances of obtaining a blood sample from this site
without immobilizing the calf.

AMOUNTS AND FREQUENCY QF FEEDING

Rhincceros do not need to be fed around the clock,
Feedings may be offered every two hours from 6
AM. until 6 pM, for a total of seven feedings per
day, for the first month. The amount is determined
by the body weight, beginning at 9-10% divided
among the seven feedings. After the first day or two,
begin increasing the amount daily, offering 15-20%
of its bily weight per day by approximately seven
to ten days of age.

The amount is adjusted daily to account for
weight gains and appetite. A low body temperature
may be an indication of insufficient formula intake.
When the calf is still hungry following the last bot-
tle of the day, the daily volume is increased and
equally divided between all the bottles. It is recom-
mended not to exceed 80% of the stomach capacity.
It is estimated that the stomach capaeity in a rhi-
noceros is approximately 5% of its body weight. For
example, a 54 kg calf would have a stomach capac-
ity of approximately 2.7 liters. Eighty percent of
this volume is 2.2 liters. This example calf should
not receive more than this volume at one feeding. A
healthy calf should finish every botile. If inappe-
tence occurs and it is not due to overfeeding, sick-
ness must be considered, especially when it is
accompanied by depressed vitality,

With the total daily volume remaining constant,
feeding times decreasc to five times per day at
approximately one month of age, four times a day at
two months, and three times a day at four months of
age. This feeding schedule is then continued until
weaning. Increases are made until the calf is six
months old, at which time the amount, approxi-
mately 11 liters per feeding, stays constant until

weaning begins at one year. Limiting formula intake
encourages the consumption of solid foods.

HOUSING

An air temperature of 60-85°F (15.6-29.4°C) is sat-
isfactory for a healthy calf. A heater should be used
at night, if the air temperature is expected to drop
below 60°F. For a hypothermic or debilitated calf, a
constant temperature of 80-85°F (26.7-29.4°C) is
recommended. Sudan grass or any type of soft hay
is a good choice for bedding. Wood shavings would
not be suitable as the calf often lies with its lips on
the ground. Shavings might adhere to its lips and be
ingested.

As rthinoceros calves require physical contact
with the dam for security, placing a large stuffed
animal in with the calf has been observed to provide
comfort and companionship, If another large ungu-
late neonate is available, it may be placed together
with the rhinoceros calf after it has reached one
week of age, replacing the stuffed antmal. When
this is not an option, a young or adult domestic goat
or sheep could be utilized as a companion. The
developing bond may take a week. The imtial intro-
duction may need to be of limited time with super-
visien until they each become accustomed to one
another, The time limit and svccess of this introduc-
tion depends on the size of the area in which they
are introduced and the temperament of each animal.
Often other species are frightened of rhinoceros
calves, An area large enough to allow a safe retreat
by one of the animals is helpful, but not so large that
they can completely ignore each other. They may be
left together all day if signs of stress are not
observed in either animal. If one of the animals
$Eems NErvous, it may be necessary to separate them
overnight, replacing the companion with the stuffed
animal, until a bond has formed. A companion ani-
mal also discourages the rhinoceros from becoming
dependent on keepers for security and companion-
ship.

A large exercise yard is important for physical
and mental development. A healthy newborn calf
should be walked for 30 minutes, twice daily. The
first few days, the calf may be allowed to expicre on
its own with a keeper nearby for emotional security.
If it will not venture out on its own, the keeper will
have to lead. Rhinoceros calves lave to run and will
probably do so at three to four days of age, follow-
ing the keeper initially, but then on its own, This
daily exercise encourages normal defecation, It is
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common for the newborn calf to be uncoordinated
for the first few days, often tripping over its own
feet. Generally, young rhinoceros are hesitant in
stepping up onto different levels. Therefore, it may
be necessary to construct a dirt ramp if you need the
calf to step up over a threshold.

At one to two weeks of age, toys are provided to
allow the calf to exercise its natural behavior of
head butting. While it s normal and may seem cute
for the animal to practice this behavior on the keep-
er, due to the potential danger, this behavior should
be discouraged. Items the calf can use (o practice
this behavior include two electric cart tires bolted
together in order to keep them upright and rolling,
large plastic trash cans, boomer balls, or any other
object the calf can push arcund without the risk of
wedging its head inside the object.

TIME TO WEANING

Calves may be weaned as early as 12 months, how-
ever 15 months is optimal. At 12 months of age, the
midday bottle is decreased daily over a one-month
period 1o approximately 960 ml, at which time this
feeding is deleted. The remaining two bottles are
then decreased simultaneously over a two-month
period, also to approximately 960 ml, at which time
both bottle-feeds are deleted. By decreasing the for-
mula to a small amount, the calf will stop expecting
2 bottle more quickly, once it is deleted.

TIPS FOR WEANING FROM FORMULA TO
SOLID FOOD

The transition to solid food may best be accom-
plished by raising the calf with another large ungulate
such as an eland, Taurotragus oryx pattersonianus, an
Indian gaur, Bosgaurus b. bosgaurus, or a water buf-
falo, Bubalus bubalis.

Since these animals usually begin eating solids at
an age earlier than a single, lone rhinoceros, their
presence stimulates the intake of solids by the rhi-
noceros. Offer one-fourth-inch, low-fiber 16% ADF
herbivore pellets (O.H. Kruse), a small portion of
rolled com and barley, a grain and molasses feed,
and a high-mitk-content pellet (Perfection Brand
Milk Pellet, also available from Kruse). The differ-
ent food types are kept separate in the tub to better
meonitor consumption. When the calf’s favorite food
item is identified, mix the items to encourage con-
sumption of all items. Solid food items and water
should be provided at two to four weeks of age.
Alfalfa and grass hays are offered to both species of

rhinoceros and acacia browse to the black rhinocer-
os because these animals are browsers,

A rhinoceros calf may be very reluctant to eat
solids when living alone, To encourage the iniake of
solids, pellets are placed in its mouth afier every
bottle-feeding, beginning at approximately one
month of age. After the calf has been eating pellets
regularly, at approximately four months of age,
delete the rolled corn and barley and molasses feed.
At approximately six months of age, begin adding
one-half-inch high-fiber 25% ADF herbivore pellets
{O.H. Kruse) and delete the milk pellet, Cut carrots,
yams, and apple may also be added daily.

COMMON MEDICAL PROBLEMS

Many medical conditions have been identified in the
rhinoceros neonate with most being similar to other
hoofstock species hand raised at our institution. As
mentioned above, the domestic equine is used as a
prototype species for baseline veterinary medical
information so, when necessary. the choice and dose
of antibictics and other medications are presctibed
according to the equine literature, Several of the
matemally neglected calves hand raised at the
SDWAP were found clinically weak, hypothermic,
and hypoglycemic. Treatment was instituted accord-
ing to protecols and procedures used in equine
emergency and critical care medicine. Fortunately,
these calves must have obtained colestrum prior to
being abandoned since their immunoglobulin status
was within expected range using a standard serum
immunoglobulin test such as Equi-Z (VM.R.D.). If
an animal has not received colostrum and is there-
fore deficient in maternal antibodies found in this
mother’s first milk, the term “failure of passive
transfes” (FPT) is used to describe this condition
and typically represents a medical challenge. The
SDWAP has frozen plasma stored and available
from over one hundred nondomestic hoofstock
species including our rhinoceros. Intravenous con-
specific plasma is routinely provided to any neonate
identified as being colostrum deprived at our insti-
wtion. If a rhinoceros calf is identified as FPT,
administration of intravenous conspecific plasma
would be instituted immediately as it would beto a
similarly affected foal. Unfortunately, rhinoceros
calves have limited sites available for venous access
if an intravenous catheter is necessary. The central
ear vein appears to be the best choice and will
require creative catheter management for it to
remain patent, as described earlier.
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One black rhinoceros calf was found abandoned
by its mother and presented with weak fetlock joints
resulting in severe lameness and inability to walk.
This animal was successfully managed by applica-
tion of fiberglass casts to the affected front limbs for
three days to provide temporary extemal support.

Gastrointestinal disease appears 1o be a frequent
problem when hand raising rhinoceros calves.
Diarrhea may be caused by bacterial or parasite
infection, stress, or formula intolerance in individ-
ual animals. When a case of clinical diarchea is
noted, a rectal swab is obtained and submitted for
enteric pathogen culture immediately. A fecal sam-
ple is also submitted for parasite screen.
Campylobacter coli and Salmonelia spp., both
known pathogens, have been identified in our rhi-
noceros calves with diarthea. Due to the ability to
infect humans, these zoonotic bacterial enterc
infections are treated aggressively. Calves were iso-
lated. treated with appropriate antibiotics, and then
cultured three times during the week following
treatment to ensure 2 negative pathogen status,

The susceptibility of the domestic equine foal to
stress-induced gastric ulcers warrants the consider-
ation and use of preventative ulcer medications such
as sucralfate, cimetidine and ocmeprazole in the sim-
ilarly affected rhinoceros calf. One white rhinocer-
0s calf seemed to be adversely affected by the
removal of 2 companion animal resulling in clinical
diarrhea and possibly dehydration. Digested blood
was also found in a fecal sample. Gastric vlcer med-
ication was prescribed and the animal's condition
and stool consistency quickly returned to normal. In
cases of persistent diarthea of any cause, an oral
electrolyte solation such as Biolyte (Pharmacia and
Uplohn) or Pedialyte (Ross) may be provided in
place of formula for 24 hours, to rest the intestnal
tract. Formula is gradvally increased over a two- to
four-day period, altemating electrolyte bottles with
formula bottles. Do not dilute the formula with the
electrolyte solution, as it has been shown to inhibit
the formation of milk clots in the stomach, which
are necessary for proper digestion (Naylor 1999).
Alternating formula bottles with electrolyte bottles
gives the milk the necessary time to clot. If a more
gradual reintroduction is desired, a formula bottle
may be offered every third or fourth feeding.

Other gastrointestinal medications, such as psylli-
um, have been successfully provided as prescribed
by the product manufacturer. Constipation of
unknown otigin has been diagnosed in our calves

and has been treated with positive results with occa-
sional warm-walter enemas. [n our experience, it
appears important to provide daily exercise to the
rhinoceros calf 1o encourage regular bowel move-
ments. Constipation may also indicate an increase in
formula quantity is needed. One black rhinoceros
calf was found to eat a considerable amount of dirt
when allowed access to jts exercise yard. This ani-
mal was placed on daily psyllium, was monitored
during exercise, and had significant evidence of din
in feces for over one week.

INTEGRATION BACK INTO THE GROUP

The introduction into an adult group should be slow
and methodical, as a rhinoceros calf is easily
stressed and may become susceptible to disease.
Signs of stress may include depression, anxiety,
decreased sleep times, increased vocalizations, and
diarrhea. It is important to make an emotionally
stnooth transition to 8 new temporary location adja-
cent 1o its permanent home.

1t is best if the calf"s companion animal accompanies
it to the new location. Once the rhinoceros becomes
acclimated to its new home, taking one to two weeks,
the companiot animal, if present, should be removed
during the day but put back at night to offer comfon,
allowing the caif to sieep weil. Typically, this fransition
period will take an additional one to two weeks. The
companion can then be removed permanently.
However, the more time and patience allowed for this
process, the more likely the transition will be safe and
healthy for the calf. The calf may ook as though it is
adjusting well sooner than expected and it may be
tempting to move through this process more quickly.
However, the calf may develop diarrhea, and the entire
process will have to be started over. Once the rhinocer-
os is comfortable in its new area, you can then begin
introducing it (o other thinoceros.

The actual introduction of the calf into the rhi-
noceros herd depends on numerous factors includ-
ing facilities, number and disposition of animals,
and amount of keeper supervision available. It is
best if a docile herd member is allowed to bond with
the calf initially in the calf’s familiar surroundings,
continuing to separate the calf overnight. Ideally,
this should take one to two weeks, depending on
their dispositions. At that point they can be intro-
duced together into the herd once they are familiar
with each other.

This institution has not hand raised an Indian rhi-
noceros, but would follow the same protocol.
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Black-Tailed and White-Tailed Deer

Sophia Papageorgiou, Darlene DeGhetto, and Jennifer Convy

NATURAL HISTORY: BLACK-TAILED DEER

The black-tailed deer (Odocoileus hemionus) is of
the order Artiodactyla and family Cervidae. It is
native to North America.

Description/ID

Black-tailed deer have a dorsal coat that is reddish
or yellowish-brown (grayish in winter) and they
have a cream (o tan coat ventrally. The throat patch,
rump patch, inside of the ears and inside of the legs
are generally white. The ears are large. 4.75-6 inch-
es in length. The tail is blackish or brown above,
white below. Fawns have a tawny or reddish-brown
colored coat with numerous white spats. Check the
tail to differentiate black and white-tailed deer
fawns. They stand 3-3.5 feet tall at shoulder and are
3.75-6.5 feet long with a 4.5-9-inch tail
(Macdonald 1995: Nowak 1991).

Reproduction

One to two fawns born are born in the spring.
Females have one fawn at their first breeding, with
twins or triplets in subsequent years. Young are born
after 6 1/2 months gestation. Rarely a dam may
have triplets, one of which is much smaller than the
other two and may not survive. This is important to
note in a rehabilitation situation. The tiny fawn, in a
group of triplets. may thrive with a nutritious diet
and proper management, but that may not always be
the case (Macdonald 1995).

Habitat and Foraging Technique

They live along forest edges, mountains, and
foothills (Macdonald 19935).
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Natural Diet

They eat herbaceous plants. huckleberry, salal,
thimbleberry, twigs of Douglas fir, cedar. yew.
aspen, dogwood, service berry, juniper, sage. and
acorns (Nowak 1991),

Additional Information

Their activity level tends to be crepuscular. They
have extremely sharp hooves. They have the ability
to jump high fences (6 feet or more) and generally
bed down in thick vegetation {Macdonald 1995;
Nowak 1991: PAWS 2001).

Behavioral Considerations

Fawns exhibit “freeze behavior” when they are very
young {one to three weeks old) and “flight behav-
ior” when they are older than three weeks (Nowak
1991},

NATURAL HISTORY: WHITE-TAILED
DEER

The white-tailed deer (Odocoileus virginianus) is of
the order Artiodactyla and family Cervidae. It is
native to Notth America,

Description/ID

White-tailed deer have a tan or reddish-brown dor-
sal coat color (grayer in winter), with a white band
on the snout just above the nose. The abdomen,
throat, and inside of the ears are white, They have a
white ring around the eyes, Their tail is brown with
a white edge above, white below. The top of the tail
may have a dark stripe down the center, Fawns are
tawny with numerous light spots. Check the tail to
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differentiate White- from Black-tailed Deer fawn.
They stand 3-3.5 feet tall at shoulder and are
3.75-6.5 feet with a 6-13-inch tail (Macdonald
1995; Nowak 1991),

Reproduction

Females have one fawn at their first breeding, with
twins or triplets in subsequent years. Fawns are bom
in the spring. Young are born after 6 1/2 months ges-
tation. Rarely a dam may have triplets. one of which
is much smaller than the other two and may not sur-
vive. This is important to note in a rehabilitation sit-
nation. The tiny fawn, in a group of triplets, may
thrive with a nutritious diet and proper manage-
ment, but that may not always be the case
{Macdonald 1995).

Habitat and Activity Period

They inhabit farmland, brushy areas. woodlands,
typically in lowland areas (Macdonald 1995;
Nowak 1991).

Natural Diet and Foraging Techniques

White-tailed deer forage on green plants, acorns,
beechnuts, woody vegetation, twigs, and buds espe-
cially of birch and maple (Macdonald 1995; Nowak
1991).

Additional Information

They are a predominantly nocturnal species, Like
black-tailed deer, they have extremely sharp
hooves, which can lacerate easily, and they have the
ability to jump high fences (Macdonald 1995;
Nowak 1991: PAWS 2001).

Behavioral Considerations

Fawns exhibit “freeze behavior” when they are very
young (one to three weeks old) and “flight behav-
ior” when they are older than three weeks (Nowak
1991).

RECORD KEEPING

Detailed records must be maintained as in all captive
animal situations. Accurate daily recording of atti-
tude. weight, temperature, heart and respiratory rate
(if possible). food fed (measured). and amount eaten
{measured). Monitoring stool production and consis-
lency is important in young ruminants. All proce-
dures, physical examinations, medications provided,
or other information must be written in the animal’s
individual record file. Case number and tag numbers
should be placed on all sheets of the animal’s perma-
nent record for identification purposes.

ASSESSMENT OF THE NEONATE
Age Determination
Age can be determined using the following guide:

Birth: Calves arc spotted, umbilicus is fresh and
wet within the first 12 hours. Hooves are very
soft,

7-14 days: Umbilicus sloughs off. Hooves are
firm.

! month: Eves are brown.

3-5 months: Spotted pelage fades.

4-6 months: Weaning and eating solid foads,

There arc a number of successful methods used
by different people to raise fawns. This text
describes successful methods used over a number of
years at the PAWS Wildlife Center (PAWS 2001).
Readers may find other methods that work for their
particular rehabilitation center.

Weighi Estimation

If an accurate scale is not available. a simple tool ta
get an accurate weight for fawns is obtained by
using a goal weight tape. These can be purchased at
most feed stores. The goat measuring tape should be
placed around the girth of the fawn just behind the
point of the elbow at the axilla. The weight should
be taken the first day the fawn presents 1o your facil-
ity. If the fawn is stressed or in shock, guesstimating
the weight is okay to do until you have an opportu-
nity to get a more accurate reading with the goat
measuring tape (PAWS 2001).

Restraint and Handling

Care should be taken to properly restrain these ani-
mals in order to avoid fractured limbs, ot hyperther-
mia, which may result in capture/siress myopathy.

Fawn Restraint

Cover the eyes of the animal with a towel or blind-
fold before handling (Spraker 1993: PAWS 2001).
Restrain fawns for routine procedures in lateral
recumbency ensuring the fawn is lying with its left
side down to decrease chances of bluat, The ideal
position is sternal recumbency especially when the
animal is recovering from sedation or anesthesia.
Do not rell the animal onto its back to change posi-
lions; it may cause regurgitation and possibly
inhalation pneumonia. The best way tc roll an ani-
mal is to tuck the feet and legs under the animal and
roll it over its sternum lo place it on the opposite
side, while supporting the head and neck in an
upright position. Be sure to have proper control ot
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restraint of all four feet and legs when handling the
animal. Two people should always be involved in
restraining the fawn for safety reasons and both
should remain on the same side of the animal during
its restraint.

Carrying a Fawn

Held the fawn under one arm close to your side.
With your free hand control the neck region to keep
the fawn from rearing its head up and hitting the
handler's face. Cover the fawn’s eyes with a blind-
foid (soft towel) and pick it up under its belly with
both arms. Have the second person stretch the rear
legs straight out, taut and away from the handler’s
body to restrict kicking of the rear feet (PAWS
2001),

Generally, fawns will settle down with proper
restraint and allow physical examination and any
appropriate therapy. We have had great success per-
forming all the above with appropriate restraint.
Young/small fawns may also be restrained with
inhalant gas anesthesia using Isoflurane with oxy-
gen via a face mask, but only if the animal is stable
enough to underge anesthesia (see Fig, 31,1). This
procedure should be done in the presence of a vet-
erinarian after he or she has assessed the animal.
Always remember to lubricate an animal’s eyes with
artificial tears when anesthetizing it. Light anesthe-
sia may facilitate performing a complete physical
examination, obtaining a blood sample, fecal, skin
scrapings/samples, and placing an intravenous
catheter in a cephalic vein to provide intravenous

fiuid therapy and medications, if necessary (PAWS
2001).

INITIAL CARE AND STABILIZATION

Perform a complete physical examination starting
with the head and proceeding to the rump. Be sure
to check the umbilical cord and treat with 7% tirc-
ture of iodine if moist or infected. Check all four
sets of scent glands for maggot infestation. They
include the tarsal, metatarsal, pedal, and preorbital
glands. Rehydrate the fawn if necessary and obtain
a fecal sample for analysis. Take the temperature
and if possible draw a small amount of blood to
check packed cell volume (PCV), total solids
(TS), and blood glucose (BG) on armval. Check the
condition of the hooves. Observe the fawn while
standing and walking for any musculoskeletal
abnormalities (i.e., splayed legs, lameness, frac-
tures) (PAWS 2001; Smith 1990).

FAWN FEEDING GUIDELINES

Always provide fresh cool water to the fawn(s) and
be sure to have plenty of water sources available
when you have multiple fawns in a pen.

NURSING TECHNIQUES

The most successful technique to have fawns accept
the bottle is to sit with the individual fawn for 10-15
minutes at the beginning of each feeding and pre-
sent it with the bottle and nipple. Encourage it to
1ake the nipple and suckle by placing the nipple into
the fawn's mouth. Gently squirt some of the milk

Figure 31.1 Fawn under anes-
thesia for physical examination.
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into the fawn's mouth or onto the palm of your hand
and encourage the fawnt to take the milk, all the time
trying to place the nipple into the mouth. You can
also try to have a fawn suckle on your finger in
order to stimulate the suckling response, then intro-
duce the nipple into the mouth so that the fawn will
subsequently suckle from the bottle. It may take a
day or two to have the fawn on the bottle, but a fair-
ly healthy fawnt will accept the nipple and nurse
after a few sessions of nipple training. Once the
fawn is taking the boitle consistently it should be
placed in a pen with conspecifics for appropriated
socialization. Monitor the fawn for formula intake,
weight gain, and thriftiness in the first few days of
iniroduction with the other fawns. Be sure the fawn
is taking formula, gaining weight, and thriving
(PAWS 2001).

Newborn fawns less than 24 hours old need 1o
receive a source Of colostrum for absorbable
immunoglobulins, which provide them with initial
immune function and aid in the treatment of failure
of passive ftransfer in newborn calves. The
colostrum serves as an aid in the prevention of
scours by supplying antibodies that block the K-99
E. colf disease process. PAWS Wildlife Center uses
COLOSTRX (Escherichia coli antibody) bovine
origin for 24-48 hours after a one- to two-day-old
fawn presents. This can be purchased at local vet-
erinary drug distributors and possibly livestock feed
stores. PAWS Wildlife Center orders its supply from

Table 31,1 Deer Feeding Guide

Provet in Mukilteo, WA (contact your local veteri-
nary distributor tc obtain this product). Follow
directions on the label and use one bag (454 g pow-
der, reconstituted per package instructions) per ani-
mal and give it orally via bottle or stomach tube
(PAWS 2001; Smith 1990).

When fawns present (o the center they are started
on formula based on Table 31.1 (Deer Feeding
Guide} and formulated as follows (LMR is Laizb
Milk Replacer from Land O’Lakes) (PAWS 2001).

Day 1: straight oral lactated Ringer’s solution
(LRS)

Day 2: 3/4 LRS to 1/4 LMR

Day 3;: /2 LRS to 112 LMR

Day 4: 1/4 LRS 0 3/4 LMR

Day 5: 100% LMR and continue based on the
age/feeding guide in Table 31.1.

TUBE FEEDING

Although not an ideal or safe situation, tube feeding
may be the only solution to providing nutrition to an
orphan and having it strong enough to begin suck-
ling. This can be performed with a stomach tube, a
light source, and the appropriate formula (see
above). It will require two people, one to restrain the
fawn and one to pass the stomach tube and gently
pour the formula into the tube. The tube shouid pass
easily into the stomach. In order to double check
that it is in the stomach and not the trachea, palpate

Age in days/weeks Body weight (kg) Ce/ml Frequency of feedings

1 day 2.5-3.2 94-122 5 X day

2 days 2.7-3.5 101-131 QID

3 days 29-3.7 109-141 QID

4 days 3140 117-150 QID

5 days 31342 124-159 QID

6 days 3.54.5 165-211 QID

7 days 3,74, 174-222 QID

8-14 days 3.9-6.5 184-304 TID

15-21 (2-3 weeks) 53-82 251-386 TID

22-28 (34 weeks) 6.8-10.0 317467 TID

2042 (46 weeks) 8.2-135 480 BID-introduce solid food
4349 (67 weeks) 11.0-15.2 480 SID

50-99 (7-weeks) 12,5-27.7 480 SID-Start weaning seriously
8-10 weeks Weaned

4-6 months Released about late October or Early

November
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the neck. You should feel two firm, tubular struc-
tures. One is the trachea and the other is the tbe
within the esophagus. If you do not palpate two
tubes, then recheck and visualize the trachea and
tube or remove the tube and begin all over again.
Once the formula has been delivered, kink the tube
and gently remove it. Be very careful to check that
the tube has been passed into the stomach and not
the trachea (leading to the lungs). If tubed improp-
erly (into the trachea), the animal will die very
quickly as a result of having its lungs flooded with
fluid, which will cause it to drown. This procedure
should be performed by trained personnel in a quiet
place, free from external stimuli (PAWS 2001;
Smith 1990).

Special Note: The Deer Feeding Guide (Table
31.1) is a loose guideline as we raise deer in a herd
of typically 10 to 15 fawns. This makes feeding and
weaning difficult to standardize per individual.
Therefore, the herd sets the feeding guideline and
the older deer may need to remain on bottle-feeding
longer than is ideal {i.e., beyond optimum weaning
time} in order to allow the younger deer to remain in
the herd and still achieve their adequate nutrtional
needs from the fawn formula. We do not manually
separate individual deer from the herd for botile-
feeding unless medical reasons prevail, The younger
deer will wean earlier and remain more afraid of
humans if allowed to remain as part of the herd.
This is an important philosophy to follow especial-
ly if you plan to release the fawns back into the
wild. To appease the larger deer that need to be off
formula but still come to the bottle rack, offer a bot-
tle of water instead of milk while the smaller deer
are still suckling milk. This will keep the larger deer
from throwing a “tantrum” and they eventually
decide browse and grain are better than water. They
will stop suckling and begin consuming the solid
focd. This is also a weaning technique that can be
used on the entire herd to truly wean them from the
bottle if it is difficult o provide feed at two differ-
ent growth levels (i.e., if the facility does not have
two pens switable for different-aged fawns) (PAWS
2001).

HOUSING BY AGE AND DEVELOPMENTAL
STAGE

During the neonatal stage, or on initial presentation,
place the fawns in airline kennels within a quiet pen
or enclosed room, and move them into larger hous-
ing as they develop and mature. A concrete run
enclosed on all six sides (preferably a combination

of concrete with chain link}, with a concrete ficor
and lined with plenty of towels and blankets to pro-
vide warmth, is necessary initially. It should be eas-
ily cleaned and maintained while fawns are being
assessed. treated, and conditioned to bottle-feeding.
This space should be at least 4 fi square and free
from direct drafts and inclement weather condi-
tions.

Provide an external heat source if the animal is
young, weak, or not thermoregulating well. Once it
is stable, thermoregulating well, and drinking from
a bottle, you may place it with conspecifics (same
species) in protected outdoor stalls, Move them into
small outdoor paddocks as they mature. Eventually
they should be housed in a fairly large pen or large
cervid paddocks. Be sure to have padlocks on pen
doors or gates. Enclosures should also have a dou-
ble door system and lean-to type shelters to accom-
modate animals in inclement weather, and be
designed for minimal human contact.

The larger cervid paddocks should have walls that
are predator proof and provide adequate visual and
sound barriers from humans, Once the apimal is sia-
ble and assessed as healthy, it may be moved cut
with other fawns into a paddock/enclosure with nat-
ural substrate (dirt/ground cover/plants/foliage) on
the ground and vegetation that is appropriate for
deer browsing and native to the area. Bottle racks
should be mounted at appropriate heights for all the
animals to reach in one or two areas of the enclo-
sure. The bottle racks should be accessibie from the
outside and be easy 1o clean and maintain (see Fig.
31.2). Minimal exposure to humans should be pro-
tocol once the animals are drinking consistently
from bottles on their own. Be sure 1o discourage any
taming of the animals, especially if they are 10 be
released back into the wild. A full-grown buck that
is at all tame or lacks fear of humans is a very dan-
gerous animal and can easily injure someone,

IMMUNE STATUS AND SPECIAL NEEDS

Fawns must have their age assessed and be given
certain inoculations on presentation. Clostridia tox-
oid injections, vitamin E with selenium, and vitamin
A and B injections must be given after the initial
exam provided the animal is healthy and stable (see
Vaccinations below). If the fawn is ill or trauma-
tized, these injections may be postponed for a day or
two. The assessment may be performed by a veteri-
narian (Smith 1990).

If the animal appears to be too small or very
weak, it may not have nursed at birth, and plasma
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trunsfusions may be necessary. Plasma may be
given via oral gavage (tube fed) if it is a few days
old or IV catheter if it is older to provide
immunoglobulins that are necessary to protect the
fawn until its own immune system begins to func-
tion and mature, This treatment may need to be
repeated (Smith 1990).

Vaccinations
The following vaccinations may be given:

1. Quatracon 2X (Actinomyces pyogenes,
Fasteurefla multicoda. Escherichia coli.
Saimonelia)

Dose: 3 ml/4.54 kg SQ

Frequency: Give one injection upon arrival and
repeat in tive days if the fawn develops diar-
rhea. or repeat in ten days if no diarrhea occurs
for a total of two injections.

This product is ordered from Provet in
Mukilteo. WA,

2. Clostridium Perfingens Types C&D Antitoxin
Dose: 10 ml SQ {in several different sites)
Frequency: Give 48 hours after arrival or at
one week of age and repeat in five days if the
fawn develops diarrhea, or repeat in ten days if
there is no diarrhea: for a total of two injec-
tions.

3. Clostridium Types C&D Bacterin Toxoid
Dose: 2 ml SQ
Frequency: Give at four weeks old (over 8 kg)
and repeat in 21 days for a total of two injec-

Vitamin and Mineral Supplements

Myosel-E (selenium) may be given in a dose of 0.02
ml/kg IM. Give on arrival or at one week of age (the
animal should be over 3.5 kg). Note: Giving addi-
tional vitamin E and selenium depends on the qual-
ity of soil, the nutrient levels in the feed, and geo-
graphical variation in soil content or from your hay
distributor. Contact your local large-animal veteri-
narian to determine the needs for this type of sup-
plementation in your area.

Cervids require a large amount of space once
grazing. Heat lamps may be needed outdoors ini-
tially, especially if raising a single animal. Indeor
bedding should be provided and towels or large
blankets may be used. Fresh straw is good outdoor
bedding {Fig. 31.2).

TIPS FOR WEANING FROM FORMULA
TO SOLID FOOD

Once the fawns are two to three months old, they
should be eating primarily solid food with supple-
mental bottles. Goat chow (Purina). calf manna
(Manna Pro). and altalfa hay should be introduced
once they present to the ¢enter. Begin weaning the
bottle-feedings if the fawns appear healthy and have
had solid food available along with their bottle-
feeding. Once fawns are taking the bottle consis-
tently, they should begin nibbling on the solid food
diet. Natural browsing foods and foliage indigenous
to your region should always be present, along with
a plentiful supply of fresh. clean water (PAWS

tions. 2001).
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COMMON MEDICAL PROBLEMS

The medical problems of deer are presented here in
order of the most common presentation. Special
Note: During cral antimicrobial therapy, give
Probios (CHR Hansen Biosystems) microbial prod-
ucts or some type of bovine oral gel (e.g., Probiocin,
available from Pro-Vet, Mukilteo, WA, or your local
feed store) for ruminants at the recommended label
dose to maintain healthy rumen and gut flora.

Navel 111 (Omphalitis’Omphalophlebitis)

Newborn and very young animals may have infec-
tions that begin from the umbilical area. This struc-
ture is rich with blood vessels and can be open to the
environment (as a result of trauma or an overzealous
dam chewing the umbilicus too close 1o the baby's
abdomen). Infectious organisms may enter the ani-
mal’s bloodstream and quickly spread systemically.
The umbilicus will generally be red, inflamed, and
hot to the touch. There may be a purulent or bloody
discharge from the area. An animal may feel febrile
and be lethargic or depressed.

Treatment includes swabbing/dipping the umbili-
cus in 7% tincture of iodine solution two to three
times a day for four to five days or until clinical
signs resolve. If the animal has signs of systemic
disease (fever, inappetence, lethargy), place it on
oral or infectable broad-spectrum antibiotics
(trimethoprim sulfadiazine, 55 mg/kg initiaily, then
27 mg/kg PO SID for 7-14 days). If giving antibi-
otics orally, administer Probiccin {or any appropri-
ate gut protectant product) to aid the gastrointestinal
tract in maintaining appropriate gut flora. If the
fawn is not improving in 3648 hours, it should be
worked up for secondary problems such as pneumo-
mia, peritonitis, or septicenta (Plumb 1998; Smith
1990).

Fluid therapy (lactated Ringer’s or Normosol-R
with or without 2.5% dextrose) may be adminis-
tered subcutancously if the animal has systemic
signs of illness. A complete blood count (CBC) and
chemistry panel may need to be submitted to a lab-
cratory for analysis (Cotter 1993). If possible, a
packed cell volume (PCV), bload glucose (BG), and
total serum protein should be done if enough blood
can be obtained without stressing the animal.

Be sure to check the umbilicus daily for resolu-
tion of signs and monitor the animai for appetite,
water consumption, attitude, and weight gain. If the
umbilicus is oozing purulent material, be sure to do
a culture and submit to the lab for a culture and sen-
sitivity, along with the additional tests listed above,

and consult with a veterinanian (Plumb 1998; Smith
1950).

Trauma
Fractures

Fractures in the young fawns occur from automobile
accidents, animal attacks (primanly dogs), fence
entanglements, and other trauma. Fractures of the
ribs, long bones, pelvic girdle, and skull are seen
most frequently. Radiographs should be performed
on all fawns with fractures once they are stable. This
may require waiting a day or two for the animal 1o
stabilize. Keep fawns with suspected fractures con-
fined in large airline kennels or very smalf enclo-
sures. Seek veterinary assistance for treatment and
stabilization of fractures.

Radiographs should be taken with the animal
under light sedation to decrease the stress level of
the patient. Small fawns can be anesthetized with
isoflurane/O, using a facemask and the radiograph
taken. Larger fawns may require injectable immobi-
lization with ketamine (2.0 mg/kg IV to effect)/val-
inm (0.4 mefkg IV) or =xylazine (Rompun,
0.044-0.11 mg/kg IV slowly or 0.01-0.33 mg/kg
IM), which can be reversed with yohimbine (0.125
mg/kg IV) (Plumb 1998).

Female fawns with pelvic fractures should not be
released, and may need to be euthanized because of
the likelihood of dystocia or suffering during breed-
ing season later in life. Females with pelvic frac-
tures should be evaluated by a wildlife veterinarian
who can determine a final plan for the animal. For
males with pelvic girdle fractures, the type and
extent of the fracture(s} need to be evaluated by a
veterinarian in order to establish a plan for repair or
euthanasia (Morgan 1992; PAWS 2001; Smith
1990).

Capture Myopathy

This is a physiologic phenomenon that occurs
through a cascade of metabolic reactions. The out-
come may be an irreversible condition leading to the
animal’s death. Capture myopathy generally occurs
after a stressful event in well-muscled animals
species (hoofstock, waterfowi, etc.). If a fawn has
been attacked or chased by dogs, or hit by a car, it
may be suffering from capture myopathy.
Aggressive fluid therapy, broad-spectrum antibi-
otics, and regulating temperature are the mainstays
in treating this condition. Most treatment is unre-
warding once the capture myopathy progresses
(Spraker 1993).
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Metabolic Abnormalities
Shack

Shock is wsually a result of being hit by cars or
attacked by dogs, The animals present with severe
hypovolemia and hypoglycemia (see Hypoglycemia
below). Animals have pale mucous membranes and
glazed/gliassy appearing eyes, are recumbent, may
have an elevated temperature and a prolonged cap-
illary refill time. If head trauma has occurred, the
animal may have seizures, slip into a coma, have
problems thermoregulating, or be hypoglycemic.

Administer warm fluids and medication under
the direction of a veterinariun. Trcatment consists
of shock dose tluids via IV catheter. The shock
dose of tluids we use is 90 ml/kg IV of Normosol-
R or lactated Ringer’s solution (Morgan 1992;
Murtaugh 1994). Fluids with 5-10% dextrose, once
shock dose fluids have been given, should be stan-
ed IV if the BG level is less than 60 g/dl.
Intravenous antibiotics and IV short acting steroids
(Solu-Delta Cortef, 0.2-1 mg/kg IV or 1-4 mg/kg
IV) can be given as well. If the animal is having
seizures, oral Karo syrup and/or 1V dextrose may
need to be given in lieu of shock dose fluids until
the animal stops seizing, then shock dose fluids
may be administered (see Hypoglycemia below).
Monitor the temperature and treat accordingly (see
Hyperthermia and Hypothermia below). It is best to
have traumatized/shocky fawns evaluated by a vet-
erinariun at the time of presentation, When the ani-
mal is stable, blood samples and radiographs
should be taken to check for fractures or any organ
abnormalities (Morgan 1992; Plumb 1998; Smith
1990).

Hypoglycemia

Young animals have higher blood glucose (BG)
requirements than most adults of their species, If an
animal has low blood glucose levels on presenta-
tion, less than 60 g/dl, quickly apply Karo syrup to
the gums and then give dextrose via gavage (stom-
ach tube) (1020 ml/kg of 20% dexwrose) or subcn-
taneously {8Q). If giving dextrose SQ, give only a
concentration of 2.5% dextrose, Immediately con-
sult 4 veterinarian to assist in organizing a treatment
plan for ongoing therapy and placing an IV catheter.
Once the BG has been corrected and the animal is
stable, proper management with environmental con-
trol. nutrition and additional oral. 8Q, or 1V fluid
therapy can maintain the patient until its metabo-
lism takes over (Morgan 1992).

Animals that are hypoglycemic may begin to
have seizures. If a fawn is presented to you and
begins to seize, administer 1-2 mi diazepam rectal-
ly and provide glucose immediately by rubbing
Karo syrup on the gum line of the fawn’s mouth. Do
not continue to use valium if an animal has low
blood glucose levels, You must correct the blood
glucose level to stop the seizures. If the blood glu-
cose level is normal and the seizures continue, the
animal should be given diazepam IV dosed 10 effect
and assessed for central nervous system damage. At
this point a veterinarian should be evaluating the
animal and formulating a treatment plan.

Hyperthermia

Hyperthermia occurs when heat production exceeds
heat loss (Ettinger and Feldman 1995). Normal
body temperature for Ffawns is 99-10i°F
(37-38.3°C). The following is a list of causes of
hyperthermia: fever, infection/sepsis/abscess, envi-
ronment (heavhumidity), dehydration, medications,
anxiety, seizures, malignant hyperthermia (associat-
ed with capture myopathy as scen in traumatized
exotic hoofstock), dyspnea, or fever of unknown
origin (Ettinger and Feldman 1995).

There are four general stages of hyperthermia:
hyperthermia (overheating), heat exhaustion, heat
prostration, and heat stroke. A hyperthermic and
heat exhausted patient will pant and have open-
mouth breathing, tachycardia/arrhythmias, elevated
rectal temperature, hot appendages, and headache.
As the temperature continues to elevate and heat
prostration sets in, nausea, muscle weakness,
cramps, tachycardia, and tachypnea are seen. If the
temperature is elevated to the point of causing heat
stroke, cellular damage sets in and disserninated
intravascular coagulation occurs, At this point the
animal may not be saved (Ettinger and Feldman
1995; Morgan 1992).

Therapy for hyperthermic patients depends on
determining the cause and leve! of hyperthermia.
The fellowing treatment regimen is a guideline for
the four categories of hyperthermia outlined above.

Mild iemperature elevations: Begin with passive
cooling using environmental temperature regula-
tion and temperature monitoring, plain caging
(no newspaper or towels) (Ettinger and Feldman
1995; Morgan 1992; PAWS 2001).

Heat exhaustion. Cool distal area of limbs, set up a
fan, and give subcutaneous fluids at room tempera-
ture. Cool the animal slowly to avoid hypothermia.
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Heat prostration: Intravenous fluid therapy (crys-
talloids) based on 8% dehydration calculations
or if shocky use shock dose {90 ml/kg large ani-
mals, 60 ml/kg smaller animals) and run fluid
line in cool water, place cool-water-soaked tow-
els on cage floor, fan outside cage, wet down the
body surface with tap water, monitor the temper-
ature. Once you are two degrees above normal
temperature, stop all cxternal cooling therapy
and maintain fluids {without cooling mecha-
nism). Continue temperature monitoring until
the temperature is normal and the animal is sta-
ble. Be sure the animal does not become
hypothermic (Ettinger and Feldman 1995;
Morgan 1992; PAWS 2001).

Heat stroke: A veterinarian should be consulted
immediately 1o assess and treat a fawn at this
stage of overheating. Treatment with aggressive
intravenous fluid therapy (crystalioids—LRS or
Normosol-R, and possibly colloids—using plas-
ma, hetastarch, dextrans, or Oxyglobin) will be
necessary. Begin with crystalloids. Run the flnd
line in cool water, cool the body with a normal
temperature water bath. apply alcohol to periph-
eral limbs, and monitor for seizures. Perform a
blood glucose level check and treat according to
hypoglycemia section above. The animal may
not respond and may have irreversible cellular
and metabolic damage even in the face of
aggressive therapy with plasma transfusions and
medications. Monitor temperature regularly and
treat as outlined above in heat prostration.
Humane euthanasia may be necessary if the tem-
peraiure is uncontrollable (Ettinger and Feldman
1995; Morgan 1992; PAWS 2001 ; Plumb 1998).

Hypothermia

Hypothermia occurs when heat loss exceeds heat
production. The following are causes of hypother-
mia: exposure to inclement elements (ice, snow,
etc.), anesthesia/sedation. overaggressive treatment
of hyperthermia, sepsis, hypoglycemia, medica-
tions, head trauma, debilitation, and shock/trauma
{Ettinger and Feldman 1993).

A hypothermic patient has pale mucous mem-
branes, cold appendages, low rectal temperature,
and tachycardia/cardiac arrhythmias (Ettinger and
Feldman 1995).

Therapy for rewarming the patient depends on
determining the cause and level of hypothermia.
There are four categories of hypothermia: minimal,
moderate, substantial, severe. The following treat-
ment regimen is a guideline for the four categories

of hypothermia {Ettinger and Feldman 1995;
Morgan 1992).

Minimal: Passive rewarming using blankets, tow-
els, and environmental control.

Moderate: Active surface rewarming using, if
available, circulating hot water blankets, hot
water boitles, heated water-filled latex gloves
(“bed buddies™), radiant heat warmer (heat
lamp), hair dryer.

Substanrial: Contact a veterinarian to initiate thera-
py and formulate a plan.

Severe: Contact & veterinarian (0 initiate therapy
and formulate a plan; may be irreversible
(Ettinger and Feldman 1995),

Sepsis/Septicemia

Neonates suffer from various infectious agents {pri-
marily bacterial) that cause sepsis. Environmental
conditions such as overcrowding, unsanitary enclo-
sures, contamination of the environment or feed can
cause bacterial infections. Stress can lead to sepsis
through ulcers allowing bacteria to gain access to the
blood stream, Bacteria that commonly cause prob-
lems are E. colf, Clostridia spp.. Pasteurella spp., and
Saimonella spp., coronavirus, cryptosporidia, and
others (Smith 1990).

Clinical signs may include fever (or in the case of
extreme sepsis, low temperature), swellen joints,
umbilical infections/omphalophlebitis, diarrhea, or
seizures. A complete blood panel (CBC and chem-
istry panel) should be submitted for evaluation prior
to beginning antibiotic therapy. In-house PCV/TS/
BG should be done immediately (Cotter 1993;
Ettinger and Feldman 1995; Smith 1990).

Treatment is similar te that for demestic species.
Place cephalic IV catheter and provide aggressive IV
fluid therapy with IV broad-spectrum antibiotics (see
Navel 1l and Hypoglycemia above for fluid/drug
doses). A veterinarian should be directly involved in
assessing the animal and formulating a treatment
plan. Antibiotic therapy should be continued for two
weeks or longer depending on the resolution of signs
or type of infection. Be sure to maintain the animal’s
nutritional support and continue to monitor blood
values until it normalizes. Attempt to determine the
cause of the infection and correct the underiying
problems causing the sepsis. Septic fawns may not
respond to even the most aggressive therapy. The
fawn’s individual immune system, age, nutritional
state, and nature of sepsis along with treatment and
supportive care will determine if it responds and does
well (Smith 1990).
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Gastrointestinal System Problems

Indigestion: (Ruminitis/bloat/vagal
indigestion/obstruction)

The following conditions may cause indigestion:
improper formula, moldy feed, inappropriate
amounts of concentrated feed. stress causing ulcers
leading to gastrointestinal upset, diaphragmatic her-
nia, or foreign bodies (Smith 1990).

Clinical signs of these conditions include abdom-
inal distention. inappetence. fever, pain and discom-
fort. abnormal or scant teces, or inability to eructate.
If a fawn has these signs it should be evaluated
imniediately by a veterinarian. Keep the animal
sternal 10 avoid complications of regurgitation
(PAWS 2001; Smith 1990).

Treatment may require placing an IV catheter
followed by fluid therapy. [V antibiotics (broad-
spectrum, cefazolin or ampicillin at 10 mg/kg), or
passing a stomach tube and relieving the bloat (gas
or ingesta), Prudent use of pain medication (flunix-
in megulamine at an initial dose of 2.2 mg/kg IV or
IM, then decrease to a dose of 1.1 mg/kg every
812 hours for a few doses, not for prolonged use),
abdominal radiographs, and performing an abdemi-
nocentesis are also required.

A simple case of bloat may be reiieved by passing
a stomach tube, and following up with supportive
care and reintroducing the proper diet. But compli-
cations may necessitate additional therapy (see
below).

With simple bloat, the diet should be appropriate
for the age level of the fawn. and feedings should
begin with small amounts frequently. The animal
should be monitored until it is eating normally for
its age and weight. If the fawn continues to have dif-
ficulty and rebloats, it may require microbial cul-
tures orally such as Probiocin {see Sources below),
or transfaunation of microflora from another fawn.
Additional treatment would require placing an IV
catheter Tollowed by fluid therapy and IV antibi-
otics (broad-spectrum—cefazolin or ampicillin at
10 mg/kg). Contact a vetennarian o prepare a treat-
ment plan (PAWS 2001; Plumb [1998: Smith 1990),

If a bloated animal is in distress and showing
signs of difficully breathing, it should be seen by a
veterinarian immediately. In the meantime, if the
bloat is not relicved by placing a stemach tube, then
the rumen should be trocarized by a trained techni-
cian or veterinarian. This is done by puncturing the
left side rumen areas {generally the distended area)
with a sterile needle and releasing air. With small
fawns I have used a sterile 1 K-gauge needle. Placing

two or three needles in close proximity assists in
allowing the air to escape quickly. If time permits, a
quick sterile scrub should be done prior to tro-
carization. Regular trocars are often too farge for
these smal] fawns. The 18-gauge needles should
work well (PAWS 2001: Smith 1990).

In cases that do not appcar to resolve with initial
treatment outlined above, the fawn may need to be
surgically explored to lock for gastrointestinal per-
forations, torsions, or other abnormalities. If you
suspect a complicated bloat situation, inform a vet-
erinarian as soon as possible (PAWS 2001; Smith
1990).

Diarrhea/Scours

Diarrhea can be characterized as acute or chronic
and must be differentiated as orginating in the
small or the large bowel. Most of our patients pre-
sent as acute cases of diarrhea and have either small
or large bowel abnormalities. Imitial treatment of
diarrhea, until it can be further characterized is fluid
therapy. diet change. and possibly broad-spectrum
antibiotics (Ettinger and Feldman 1995; PAWS
20010,
Acute diarrheas in fawns are generally caused by
a number of factors including “stress, bacteria,
viruses, parasites, mproper diet/nutrition, drugs/
medications and toxins” (Ettinger and Feldman
1993). Chronic diarrheas may be caused by uncor-
rected acute diarrhea problems and rectal anatomi-
cal abnormalities (strictures, masses) and can be
seen in younger patients, infections (bacterial or
viral), ulcers, toxins, or metabolic diseases {hepatic,
renal) {Ettinger and Feldman 1995; Smith 1990).
Clinical signs include dehydration, inappetence.
lethargy, bloat, loose/runny stool, fever, +/— painful
abdomen on palpation, +/— gaseous bowel loops,
weight loss, tenesmus, and dyschezia (Constipation)
(Ettinger and Feldman 1995; Smith 1990),
Diagnostics include fecal analysis ({direct and
flotation), evaluation for giardia (direct microscop-
ic check or ELISA tests). and hemaoccult tests.
CBC, radiographs, fecal cytology, fecal cultures,
and serologic tests for infectious discases may be
necessary te determine the cause and characterize
the type of diarrhea, especially if the diarrhea does
not resolve with diet modification and simple fluid
therapy. In fawns. diarrhes is generally caused by
parasites (coccidiosis), inappropriate diet, or stress
(Ettinger and Feldman 1995; Smith 1990).
Treatment should be targeted at the underlying
cause of the diarrbea. Young/baby animals should
have diets reviewed and corrected and should be
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given 8Q fluids-—crystalloids at appropriate
dehydration/shock/maintenance doses—until they
can be placed on the appropriate diet and clinical
signs resolve. They may require systemic ansibi-
otics if they are significantly compromised and
appear debilitated. (Trimethoprim sulfas are good
for fawns at a dose of 55 mg/kg initially, then 27
mg/kg PO SID for 7-14 days.) Fecal examinations
should be done on all patients with diarrhea and
appropriate anthelminth therapy instituted (see
Parasites below). Fluid therapy and dictary correc-
tion are the primary mechanisms (o correct most of
the acule diarrheas we see at the wildlife center.
Coccidia can be treated with Albon (sul-
fadimethoxing) at an initial dose of 55 mg/kg, then
27.5 mg/kg once a day for ten days. Recheck fecal
examinations must be done after treatment is com-
pleted and as new animals are added to the group.
A low burden of endoparasites may be 1olerated as
lang as the animals are healthy, gaining weight, and
having normal stools (Morgan 1992; Smith 1990).

Use Corrective Scour Base paste (Schuyler)
mixed with Probios {Hansen) microbial products
feed granules. Mix 300 mil paste: 1 isp granules.
Administer 6-10 mi orally twice a day for five to
seven days. This product may be stopped once the
animal has normal. firm stoo} (PAWS 2001).

Chronic diarrheas are more difficult to weat. A
veterinarian should evaluate the animal if it has this
problem.

Parasites
Endoparasites

The most common parasite problem in young deer
is coccidia species. They are treated with Albon at
an initial dose of 55 mg/kg, then a dose of 27.5
mg/kg once a day for ten days. Recheck fecals
should be done to ensure that the herd is maintained
coccidia free or at a low enough burden to maintain
good health and appropriate weight gains (Bowman
1999; Piumb [998).

Other types of parasites such as cryptesporidia or
nematodes may occur, but these are less likely in
these young patients. If cryptosporidia is suspected
a veterinarian should assess the animal and the oth-
ers in the herd and begin appropriate therapy
(PAWS 2001: Smith 1990}

Ectoparasites

Sarcoptic mange is caused by sarcoptes mites; small
arthropods visible by microscope. Clinical signs are
diffuse alopecia +/- patchiness of the fur, Diagnosis

is obtained by skin scraping. The mites are visible
under 4x or 10x power on the microscope.
Treatment is with ivermectin injections. Discuss
treatment plan and doses with the veterinarian.
Generally one subcutaneous injection of ivermectin
at 0.300 mg/kg can be given with a follow-up dose
three weeks later {(Bowman 1999; Plumb 1998).

Ticks can be found in debilitated animals and
should be removed using a hemostat clamp while
the animal is sedated. Generally, a very small num-
ber of ticks may live on the animal but they should
not be present in overwhelming numbers. If that is
the case. they are a result of the animal’s being
debilitated. The animal may need to be treated with
an appropriate dip to eliminate all ticks,

Occasionally, fleas or lice may be present. If they
are in Jarge enough numbers a light flea bath may be
used to treat them. Special flea and lice topical
sprays are available in most feed stores. Check with
a veterinarian before using these products on the
fawn.

Ringworm is contagious to humans, but is gener-
ally not a severe problem in fawns. It is a fungal dis-
ease and the lesions are characterized by a reddish
ringed worm appearance on the skin in an area of
alopecia. Consult a veterinarian if ringworm is sus-
pected. For further information, see Ectoparasites in
Chapter 23.

Ocular Lesions

Comeal ulcers, foteign bodies, lens luxations, and
blindness can be a result of trauma dve to car
accidents or dog attacks. Lens luxations and other
complicated ocular lesions should be evaluated by a
veterinary ophthalmologist because the animal must
be able to see well with both eyes in order to be
released back into the wild (Plumb 1998; Slatter
1990).

RELEASE CRITERIA AND RELEASE SITE

The deer must be weaned and able to forage solety
on natural food types before releasing thermn. Fawns
should have developed a natural/healthy fear of
humans, flee at the sight and sound of humans. and
not vocalize (as in begging for food or attention)
toward humans, The fawns must possess the physi-
cal ability for strong flight to maneuver around and
over trees and logs. The fawns' athletic abilities
should be assessed by trained individuals prior to
capture, transport, and release. The release should
be arranged in conjunction with local wildlife offi-
cials in your area. At PAWS Wildlife Center a staff
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naturalist coordinates the particulars of the release
with local Washington State Fish & Wildlife offi-
cials.

Female fawns/does that have sustained pelvic
fractures should be fully assessed by a veterinar-
ian trained in wildlife rehabilitation medicine.
Generally, these animals should be humanely euth-
anized because they would not be able to go through
normal parturition if released back into the wild and
would likely die as a result of dystocia while
attempting 1o give birth. This is a sensitive situation
and should be discussed with the animal’s long-term
well-being in mind. If the animal is to remain in
captivity, she should probably have an ovarichys-
lerectomy,
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Exotic Ungulates

Kelley Greene and Cynthia Stringfield

NATURAL HISTORY

The bovids and cervids we will discuss in this
chapter include gerenuks (Litocranius walleri),
black duikers (Cephalophus niger}, red-flanked
duikers (Cephalophus rufilatus), zebra duikers
(Cephalophus zebra), southern pudus (Pudu pudu),
Chinese water deer (Hydropotes inermis), axis deer
(Axis axis), giraffes (Giraffa camelopardalis),
pronghoms (Antilocapra americana), and Speke’s
gazelles (Gazella spekei). The average birth
weights for these animals are as follows: gerenuk,
3.48 kg; black duiker, 1.75 kg; red-flanked duiker,
1.00 kg: zebra duiker, 1.44 kg; southern pudu, 0.65
kg; Chinese water deer, 0.82 kg; axis deer, 3.00 kg;
giraffe, 63 kg, pronghorn, 2.85 kg, and Speke's
gazelle, 1.50 kg. Of these species, only a few give
birth seasonally, Pronghorn give birth in late May
through June, usually to twins. Chinese water deer
have multiple births, usvally in June. Litters aver-
age one to three fawns.

RECORD KEEPING

Infant arrival data chars are kept listing parentage,
parent’s history with infants, birth weight, condi-
tion, reason for hand rearing, and birth weight.
Daily charts are maintained recording diet, feeding
times and amount consumed, daily weights, med-
ications and supplements, stool quality, and behav-
ior toward cagemates. Developmental milestones
are also noted such as first consumption of solid
foods, rumination, and the appearance of horns or
antlers.

EQUIPMENT

Plastic 8-0z Evenflo human baby bottles (Pyramid)
and human “preemie” nipples with the hole slightly
enlarged with a hot needle work well for most of the
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smaller antelope and deer. Some infants are fussier
to start with and a joey teat (Coreen Eaton} works
very well. We switch thern over to a preemie nipple
as soon as they are nursing well, as the joey teat
does not hold up to the rigors of an older nursing
infant. Giraffe calves do well using a lamb's nipple
to begin with, and finish up with a calf nipple on a
2-liter plastic bottle (Nasco). All feeding equipment
is washed in hot scapy water and then left to soak in
a chlorine bath (1 cup bleach to 3 gallons water)
between feedings. Rinse very thoroughly.

CRITERIA FOR INTERVENTION

Hoofstock calves may be pulled for hand rearing for
many reasons, such as maternal neglect or aggres-
sion, illness or weakness of the calf or dam, or fail-
ure to nurse. It is very important that the newbom
receive maternal colostrum within the first 12 to 24
hours after birth, and infants are watched very
closely during this period. Skittish species are rou-
tinely hand reared at some institutions to temper an
explosive flight response.

ASSESSMENT OF THE NEONATE

Upen arrival at the nursery, the calf is weighed. the
umbilicus is dipped in Betadine solution, and a
quick physical examination is given hy the veteri-
narian, Generally the vet will confirm the sex,
examine the palate, listen to the heart and lungs, and
draw 4 blood sample to check IgG, blood glucose,
and total protein levels, It is important to determine
whether ar not passive transfer of maternal antibod-
ies has occurred through absorption ot colostrum, If
not, the veterinarian may choose to give the dam’s
(or a closely related species) plasma intravenously,
Ungulates are almost totally dependent on colostral
intake for immunity at birth. Ideally. neonates
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should get 6—10% of their body weight in colostrum
per day for the first 48 hours. and if possible shouid
get 4-5% of body weight in colostrum within the
first two hours of life. For example, give 40-50 ml
colostrum per kilogram body weight orally within
the first two hours. We prefer to have the neonates
nurse this amount, and give them up to 12 hours to
nurse before tube feeding them the colostrum.

INITIAL CARE AND STABILIZATION

The infant is placed in a small, quiet stall, bedded
with wood shavings covered with towels. The tow-
els make it easier to monitot stool and urine output,
and also help to prevent accidental shavings inges-
tion. In the case of duikers and deer, we prefer to
bed them on towel-covered alfalfa, as shavings stick
to wet noses. The same applies to weak or injured
infants of ail small species. Giraffe calves are bed-
ded on shavings covered with straw.

Ambient building temperature is kept at about
70°F (21°C) and spot heat is provided. We use 250-
watt heat lamps hung well out of the animal’s reach.
A hypothermic animal may be warmed using heat
lamps or heating pads (under supervision) or bath
towels warmed in a microwave. Normal body tem-
perature is 100-101°F (37.8-38.3°C). Dehydrated
animals may be given warmed subcutaneous fluids.
The veterinarian should evaluate the degree of dehy-
dration and give fluid amounts determined by the
percent of dehydration multiplied times the body
weight.

FORMULAS AND SUPPLEMENTS

All hoofstock neonates are started on cow’s
colostrum. Raw colostruin is purchased from a local
dairy. It is then pasteurized and cultured, and anti-
body levels are measured using a colostrometer. We
use the highest mg/ml colostrum for the youngest
infants. After pasteurization, colostrum can be
frozen, labeled, and dated for later use for up to one
year. Packaging it in small, sterile, whiri-pack bags
allows us to thaw only what we will use in a 24-hour
period.

Neonates are fed 100% cow’s colostrum for the
first 72 hours. Then they are offered 50% cow’s
colostrum and 50% formula for the next 72 hours.
At that time the ratio changes to 10% cow's
colostrum and 90% formula until the animal is 21
days old. Straight formula is fed from three weeks
of age until weaning.

Table 32.1 Ungulate Formula Guidelines

Species Formula

Gerenuk Evaporated goat’s miik
1:1 distilled water

Speke’s gazelle

Pudu

Chinese water deer

AXis deer

Redflanked duiker Fresh, whole cow’s milk

Black duiker

Zebra duiker

Giraffe

Pronghom Evaporated (not con-

densed) cow’s milk
undiluted

Formulas for various hoofstock species are sim-
ple and easily obtained from most grocery stores
(see Table 32.1).

Supplementation begins at seven days of age.
Neonates are given 500 [U vitamin E acetate. We
use a powdered formulation of vitamin E acetate,
1/4 1sp (1 g) 500 IU/g powder once daily in the first
moming bottle (Western Medical Supply).

We also give a pinch of Probios granules (CHR
Hansen Biosystems) in each bottle to seed the gut
with beneficial bacteria. Infants fed a canned for-
mula are also offered Hi-Vite drops (CHR Hansen
Biosystems) at the rate of one drop per 50 ml of for-
mula in each bottle.

Giraffe calves. due to their size. get 1 tsp (5 ml)
vitamin E once daily. In addition, due to their rapid
growth rates, we supplement giraffe calves with
Lixotinic (Pfizer) as an iron supplement starting
with 15 m) and increasing to 3¢ ml once daily and
calcium lactate tablets (648 mg), 2.4 g to start,
increasing proportionally with body weight as the
calf grows (Rugby).

Formula is heated to body temperature using a
warm-water bath. Microwaving is less desirable for
heating as formula may heat unevenly and burns
may occur. Formula should feet warm on your wrist.
Some infants are more particular than others are
when it comes to formula temperature. Formula
may be rewarmed during a feeding session if the
animal is fussy, but any formula that was heated and
not consumed that feeding must be discarded.
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WHAT TO FEED INITIALLY

The first feeding offered to the newborn is boiled dis-
tilled water. We offer halt the amount we would offer
of formula. Infants often resist attempts to bottle-feed
and can put up quite a fight. Aspiration of formula
can be a problem. This first feeding allows the keep-
er to evaluate the infant’s feeding response without
the risk of aspiration of actual formula. We then offer
colostrum at the second feeding attempt,

NURSING TECHNIQUES

While the desire to suckle is natural. receiving for-
mula through a rubber nipple from a human *“moth-
er” is not (Fig. 32.1), We start our infants in a very
small stall (4 ft by 4 ft or 1.2 m by 1.2 m) that is
quiet and free of distractions. Often, reduced light-
ing can be helpfu!.

With smaller species of deer and antelope, stimu-
lation of the perianal area while hovering over the
animal will elicit a “feeding response.” usually
slight lip smacking and swallowing, and sometimes
nuzzling the keeper’s chin or neck. In some species,
duikers in particular, punching the keeper’s chin or
body with their muzzle is a2 good response. Some
animals will suckle on the keeper’s hair, forehead,
and nose searching for a teat. Sometimes at this

Figure 32.1 Feeding giraffe calves may be a
challenge.

point, just slipping the nipple into the infant’s mouth
will result in an empty bottle and a full stornach.
Those are the easy ones. Generally, infants that have
not nursed at all from their dams are this simple to
start. The longer the calves stay with the mother, the
more difficult the keeper’s job will be to get them to
accept a bottle.

Sometimes infants are unresponsive to stimula-
tion. Thesc babies need to be gently restrained and
huve the nipple placed into the mouth until they
suckle. Often the first suckle happens quite by mis-
take as the animal resists, but it usually catches on
quickly. Generally speaking, most of the smaller
species are nursing well in 24 1o 48 hours.
Pronghorn as a rule are extremely flighty and it
often takes them several days to really master the
idea of a keeper as “mom.”

Hand-reared deer and antelope must be stimulat-
ed manually 1o urinate and defecate at first, but will
usually eliminate on their own in a week or two,
Mecenium is passed for the first 24 to 48 hours, fol-
lowed by yeliow to orange pasty milk stool and nor-
mal pellets once solids are being consumed. The
umbilicus is dipped in Betadine solution (povidone-
iodine) twice daily until the stump drops off, or for
about ope week. Giraffe calves keep their umbilical
stump for up to six weeks, but we discontinue
Betadine treatments after one week,

Giraffe calves pose different problems when they
are learning to nurse from a bottle. Because the ani-
mal at birth is sometimes taller and heavier than the
keeper, convincing the animal that you are the food
source may be challenging. The usual methods
don’t apply here. This baby instinctually searches
for a teat in a location that is taller than it is. We
have had hungry calves licking the stall walis in
search of milk, refusing to have anything to do with
the five-foot-tall keeper, We have had the best
resilts using a stepladder and extending owr arms
above our head under a towel, The babies seem to
like to get up under something to search for a nip-
ple. We used an umbrella to stimulate one ealf.
Another liked to suckle on a curly wig. Whatever
works! You cannot be shy about looking ridicutous,
Be creative about finding whatever item it takes 1o
get the individual excited about nursing. We have
also had some luck in starting the nursing process in
infant giraffes while they are recumbent. If you can
catch the individual lying down, sometimes it will
start to suckle if you cover its face with your arm
and body and place the nipple in its mouth.
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TUBE FEEDING

We generally avoid tube feeding ruminants wheney-
er possible. The act of suckling and swallowing
allows the milk to bypass the rumen and go directly
to the abomasum where it can be digested. The risk
of tube feeding is that the milk goes into the rumen
where it cannot be processed and it sours. Bacterial
infections may resuit. Occasionally, and as a last
resort, we have tube fed giraffe calves that were dif-
ficult 1o start. The wbe is placed midway down the
esophagus to avoid aspiration but to allow swallow-
ing. Sodium bicarbonate (20 m! of 8.4% injectable
product) is poured down the tube first to stimulate
closure of the rumen and allow milk into the abo-
masum. About one liter of formula per feeding is
gravity fed into the tube via a funnel. The animal is
manuatly restrained in a sternally recumbent posi-
tion with the neck vertically supported. It takes sev-
eral strong people to restrain the calf, and it helps to
cover its eyes with a towel. The process is stressful
and is avoided if possible. Attempts are continued
between tubings to convince the calf to nurse from
a bottle. It may take a few days to one week for the
animal to consistently purse from the bottle.

FREQUENCY OF FEEDING

The smaller species of antelope and deer are initial-
ly fed six times in 24 hours at three-hour intervals.
We feed at 9 a.M., noon, 3 pM., € PM., 9 PM., and
midnight. This schedule¢ continues until weaning
begins at 60 days of age. at which point one feeding
per day is eliminated each week. We usualily start by
eliminating the last night feeding, Weaning is usnal-
ly completed by day 95. Solid foods such as alfalfa
hay and acacia browse are offered free choice from
the start. At one month of age, we begin to offer
ADF-16 herbivore pellets (5/32-in size) (O.H.
Kruse) and Mazun browser maintenance pellets.

Animals housed with older cagemates tend to
pick up on solid foods earlier. Rumination is usual-
ly seen by three o four weeks. Giraffe calves often
feed best at four-hour intervals. They seem to take
more formula averall when offered a larger amount,
less often.

AMOUNTS TO FEED

Amounts fed to start with vary and are determined
by the animal’s birth weight. See Table 32.2.
Increases are made at 72 hours, 144 hours (6 days),
and then weekly unti} the maximum is reached at

about 45 days. We increase no more than 20% at a
time. For example, a 3-kg gerenuk would start cut at
70 ml six times daily reaching a maximum formula
intake of 160 ml six times daily at 45 days.

Giraffe calves follow generally the same routine,
starting out at about one liter of formula per feeding
five to six times per day and reaching the maximum
of about 12 liters per day in about four 1o five feed-
ings. Giraffe calves reach the maximum later than
45 days, and are weaned at about eight months.
Each giraffe that we have worked with was differ-
ent, and each worked out a feeding schedule that
worked well for it. They can sometimes be gluttons
and if given too much formula they can be slower
to accept solid foods. They are always slower than
parent-reared czlves to try solids. Chopped apple
and carrot over pellets can be helpful in encourag-
ing consumption of solid foods.

EXPECTED WEIGHT GAIN

Calves are weighed daily. after the first morning
bottle, for as long as they will tolerate it. It is not
uncommon for infants to lese weight initially, but
they should start an upward trend within a day or
two if they are nursing well. Smaller antelope
species, such as duikers, will gain 0.3-0.5 kg on
average by seven days of age. Medium-sized
species can expect to gain 0.5 to 1 kg by seven days
of age. Giraffe calves can gain 10 kg during the first
week.

HOUSING

Infants are housed indoors in a warm, quiet stall
until they are nursing reliably from a2 bottle, It is
advantageous to isolate newborns imitially from
each other so they are not distracted by cagemates
during this peried. They need time to bond with the
keeper. Sometimes infants are more interesied in
“nursing” from each other than they are in nursing
from the bottle. This is particularly true of the duik-
er species, and does occur even after infants are
nursing well from the bottle. If it becomes exces-
sive, we have had some success using Bitter Apple
to discourage this behavior. Sometimes it becomes
necessary to keep the offenders separated.
Overstimulation of genitals or the perineal region by
cagemates may cause diarrhea in the recipient.
Once infants are nursing well, we allow them
access to an outdoor yard to encourage exercise.
Oficn newbormns have weak pasterns and fetlocks but
they will straighten out in a day or two with exer-
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Table 32.2 Exotic Ungulate Feed Chart

Body weight Formula % Per Number of  Daily Per Number of  Daily
(kg) of weight  feeding {(cc) feedings  total (cc) feeding (cc) feedings  total (cc)

S0 kg 18% 15¢cc X6 =9%cc 13 ce X7 =91 cc
1.00 17 30 180 23 175
1.50 16 40 240 35 245
2.00 15 50 300 43 315
2.50 i4 60 360 50 350
3.00 14 70 420 60 420
3.50 134 8O 480 70 490
4.00 134 0 540 75 525
4,50 13 100 600 85 595
5.00 13 110 660 90 630
5.50 124 120 720 100 700
640 12% 120 720 100 700
6.50 12 130 T80 110 710
7.00 12 140 840 120 840
7.50 11 150 500 130 910
8.00 1% 150 500 130 10
8.50 11 160 960 140 &0
9.00 11 160 96{} 140 980
9.50 11 170 1020 150 10350
10.00 10 170 1020 150 1050
11.00 10 190 1140 160 1120
12.00 10 200 1200 170 1199
13.00 10 220 1320 190 1330
14.00 10 230 1380 200 1400
15.00 10 250 1500 210 1470
16.00 10 270 1620 230 1610
17.00 10 280 1680 240 1680
18.00 10 300 1800 260 1820
19.00 10 320 1920 270 1890
20,00 10 330 1980 290 2030
21.00 10 350 2100 300 2100
22.00 10 370 2220 310 2170
23.00 10 380 2280 330 2310
24.00 10 400 2400 340 2380
25.00 10 420 2520 360 2520
26.00 10 430 2580 370 2590
27.00 10 450 2700 390 2730
28.00 10 470 2820 400 2800
29.00 10 480 2880 410 2870
30.00 10 500 3000 430 3010
31.00 10 520 320 440 3080
32.00 10 530 3180 460 3220
33.00 10 550 3300 470 3200
34.00 10 570 3420 490 3430

35.00 10 580 3480 500 3500
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cise. Sunshine and fresh air are beneficial, and
social interaction with other animals is also impor-
tant,

COMMON MEDICAL PROBLEMS

The most serious hurdle a newborn ungulate must
overcome occurs in the first 24 hours. They must
receive passive transfer of immunoglobulins from
colostrum, or receive a plasma transfusion.
Septicemia and death may follow if they are untreat-
ed (Parish 1996). (See also Chapter 31, under
Commen Medical Problems, for additional infor-
mation.)

The most commonly seen problem in hand-reared
ungulates is diarrhea. Most infants face a bout with
diarrhea at some point early in their lives. We
always collect a fecal sample for analysis to deter-
mine whether or not the diarrhea is caused by inter-
nal parasites or other bacterial pathogens. Viral
disease may also be a culprit and must be ruled out.
Sometimes antibiotic treatment is necessary. We
have been successful in treating nonspecific diar-
rhea by feeding psyllium such as Equi-Aid {Equi-
Al Products, Inc.). in their bottles. This helps to
firm up the feces. It is offered in tiny amounts, usu-
ally just a pinch in their bottles a few times a day for
the smaller species.

Occasionally, the effects of diarrthea must be sup-
ported with additicnal oral fluids, such as Pedialyte
(Ross), or even just extra water. Subcutaneous fluids
may be necessary if the diarrhea is severe or if the
animal is inappetent (Naylor 1996). Often the prob-
lem will ¢lear up when the animal is consuming
solid foods regularly.

Giraffe calves sometimes have trouble with con-
stipation. It has been our experience that manual
stimulation to defecate is usually not successful. It
is common for a giraffe calf to go several days
between stools. Glycerin suppositories or milk of
magnesia have been helpful in moving things along
if needed. This has only been a problem while the
animal is young and only consuming formula.

Animals receiving no maternal care may present
hypothetmic, hypoglycemic, and weak. These prob-
lems must be immediately corrected with heat and
fluid therapy (Koterba and House 1996). (For fur-
ther information see Chapter 31, under Common
Medical Problems.)

Vaccination protecols should be tailored to the
species, diseases problematic to them, and the insti-
tution. The ability 1o handle or dart the animal ag
varying ages must be considered.

SOURCES OF PRODUCTS MENTIONED

Coreen Eaton, 914 Risky Lane, Wentzville, MO;
1-314-828-5100

Equi-Aid Products, Inc., Phoenix, AZ §5027

Hansen Biosystems, 9015 W. Maple St.,
Milwaukee, W1 53214-4298; 1-800-247-6782;
www.chbiosystems.com

Mazuri: 1-800-227-894 1; mazuri@purina-mills.
com

Nasco Farm and Ranch, 4825 Stoddard Rd..
Modesto, CA 95356-9318; 1-209-545-1600;
www.nascofa.com

O.H. Kruse Grain and Milling, 321 South
Antonio Ave,, Ontario, CA 91762; 1-800-729-
5787

Pfizer Animal Health, Animal Health Group,
Whiteland Business Park, 812 Springdale Drive,
Exton, PA 19341; 1-800-877-6250;
www.pfizer.com/ah

Pyramid International, Inc., Ravenna, OH 44266

Ross Products Division, Abbott Laboratories,
Columbas, OH 43215-1724; 1-800-986-8510;
www,abbott.com, www.ross.com

Rugby Labotatories, Inc.. Duluth, GA 397
Western Medical Supply, 1-800-242-4415
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Appendix
Resources for Products Mentioned

BABY SCALES AND PLATFORM SCALES

Tanita Corporation, 5200 Church Street, Skokie
IL 60077; 1-708-581-0250; 1-800-TANITAS

Technidyne Corp,; 1-800-654-8073
Weigh-Tronix, 19821 Cabot Blvd., Hayward,
CA 94545; 1-800-350-8550

COLOSTRUM REPLACERS

Cow’s colostrum replacer, Colostrum Plus,
Jorgensen Laboratories, Inc., Loveland, CO
80538; 1-800-525-5614; www.jorvet.com

Seramune immunoglobulins for horses, Sera,
Inc., Shawnee Mission, KS; 1-913-341-1307

Wombarco Foed Products, PO Box 151, Gien
Osmond SA, Australia 5064

COMMERCIAL BLENDERS

Waring Commercial One Gallon Blender,
Waring Products Division, Dynamics
Corporation of America, New Hartford, CT
06057

DIETARY AND VITAMIN SUPPLEMENTS

Bo-Se: Vitamin E and Selenium injectable,
Schering-Plough Animal Health Corp., Union,
NI 07083

Calcium Lactate (648 mg): Rugby Laboratories,
Inc., Duluth, GA 30097

Calcium gluconate 10%: Calciquid, Econolab

Dyna-Taurine: Liquid lecithin base taurine sup-
plement for veterinarian use; Harlmen
Corporation, PO Box 371073, Omaha, NE

68114;Voice/FAX 1-800-393-0794; E-mail
info®@harlmen.com

Ferret Drops: Tomiyn Company, 711 S. Harding
Hwy., Buena, NJ 08310; 1-800-866-5582;
www.tomlyn.com

Hi Vite Drops: CHR Hansen Biosystems, 9015
W, Maple St., Milwaukee, W1 53214-4298;
1-800-247-6782; www.chbiosystems.com

Lixotinic: Pfizer Animal Health (North American
Region), Animal Health Group, Whiteland
Business Park, 812 Springdale Drive, Exton, PA
19341; 1-800-877-6250; www.pfizer.com/ah

Mazun Vita-Zu Mammal Tablet SM26 Vitamin
Supplement; 1-800-227-8941; mazuri @ purina-
mills.com

Nutri-Cal: Tomlyn Company, 711 S. Harding
Hwy., Buena, NJ 0R310; 1-800- 866-5582;
www.tomlyn.com

Poly Vi Sol (baby multivitamin): Mead Johnson
& Company, Evansville, IN 47721

ViSorbin (liquid iron supplement); Animal
Health, Exten, PA 19341, Division of Pfizer
Inc., New York, NY 10017

DIETS FOR OMNIVORES

Primate Chow Punina Lab Diet,
www.Punna.com

DIETS FOR YOUNG CARNIVORES

Hill's AD: Hills Diets; 1-800-445-5777,
www.sciencediet.com

Science Diet Feline Growth: Hills Diets; 1-800-
445-5777; www.sciencediet.com
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ZuPreem Feline Diet: Premium Nutritional
Products, Inc., PO Box 2094, Shawnee Mission,
KS 66202; 1-913-438-8900; FAX 1-913-438-
1881; www.zupreem.com

DIETS FOR YOUNG HERBIVORES

Calf Manna, Manna Pro St. Louis; 1-800-690-
9%08; www.mannapro.com

High-fiber 25% ADF herbivore pellet: O. H.
Kruse Grain and Milling, 321 South Antonio
Ave., Ontario, CA 91762; 1-800-729-5787

High milk content peilet: Perfection Brand Milk
Pellet; O.H. Kruse Grain and Milling, 321 South
Antonio Ave., Omario, CA 91762; 1-800-729-
5787

Low-fiber 16% ADF herbivore pellet: O. H.
Kruse Grain and Milling, 321 South Antonio
Ave., Ontario, CA 91762: 1-800-729-5787

DIGESTIVE AIDS

Lactase: Lactaid, McNeil Consumers Health
Care, Ft. Washington, PA; 1-800-522-8243;
Lac-Dose, Rugby Laboratories, Inc., Norcross,
GA 30071

Probios feed granules: CHR Hansen Biosystems,
9015 W. Maple St., Milwaukee, W1 53214-4298;

1-800-247-6782; www.chbiosystems.com (From
Western Medical Supply; 1-800-242-4415)

Psyllium: Equi-Aid, Equi-Aid Products, Inc.,
Phoenix, AZ 85027
FEEDING TUBES

Kalajian Company, Long Beach. CA; 1-562-
424-9749

Kendall Sovereign Feeding Tube and Urethral
Catheter, the Kendall Company, Mansfield, MA
(02048: 1-800-962-9888

Ryan Herco, 1819 Junction Ave., San Jose, CA
95131-2101; 1-800-848-1411

Sherwood Medical, St. Louis, MO 83103
through Kendall Corp.; 1-800-962-9888

FORMULAS

Biolac: Geoff and Christine Smith, PO Box 93,
Bonnyrigg, NSW, Australia 2177

Hand-Rearing Wild and Domestic Mammals

Buckeye Mare's Milk Plus, Buckeye Feeds,
Dalton, OH; 1-800-321-0412

Enfamil: Mead Johnson & Company. Evansville,
IN 47721

Enfamil with Iron: Mead Johnson & Company,
Evansville, IN 47721

Ensure/Ensure Plus; Ross Products, Abbott
Laboratories, Abbott Park, IL; 1-800-227-5767;
WWwW.ensure.com

Esbilac: Milk replacer for puppies by PetAg,
Inc., 261 Keyes Ave, Hampshire, IL 60140;
1-800-323-6878, www.petag.com

Foal Lac: PetAg, 30 W. 432, Rt. 20, Elgen, IL
60120; 1-800-332-0877; www.petag.com

Formula 32/40 by Fox Valley Animal Nutrition,
Inc.. PO Box 146, Lake Zurich, IL 60047
1-800-679-4666

Goat’s Milk Esbilac: Milk replacer for puppies
with sensitive digestive systems by PetAg, Inc.,
261 Keyes Ave, Hampshire. IL 60140 1-800-
323-6878; www.petag.com

Grober's Elephant Calf Milk Replacer: Grober
Inc., 162 Savage Drive. Cambridge, Ontario,
NIT 184, Canada; Ph:519-622-250(); 888-937-
3392, or Toll Free 1-800-265-7863 (in Canada
and USAY. www.grober.com

Just Born: Milk replacer for puppies and kitiens
by Farnam Pet Products. A Division of Farnam
Companies. Inc.. Phoenix, AZ 85013; 1-800-
234-2269; www.farmmam.com

KMR: Milk replacer for kitiens by PetAg, Inc.,
261 Keyes Ave., Hampshire, IL 60140; 1-800-
323-6878; www.petag.com

Lactol: Milk replacer for puppies and kittens
manufactured by Sherley’s Limited, Homefield
Rd., Haverhill, Suffolk CB9 8QP U.K.; Voice:
01440 715700, FAX: 01440 713940; E-mail:
sherleys @dial.pipex.com

LitterMilk, powdered pig milk product made by
Land O Lakes. St. Paul, MN; 1-800-328-4135

Mare's Match: Land Q" Lakes, St. Paul, MN;
1-B00-328-4155

Mother’s Helper: Lambert Kay, Division of
Carter-Wallace, Inc.. Cranbury, NJ} 09512-G187
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Nuturall: Milk replacer for puppies and kittens
by Veterinary Products Laboratories, PO Box
34820, Phoenix, AZ 85067-4820; 1-888-241-
9545; www.vpl.com

Similac: Abbott Laboratories, www.similac.com

Staged kangaroo milk replacers: Wombaroo
Food Products, PO Box 151, Glen Osmond SA,
Australia 5064

Wombaroo diet: Perfect Pets Inc,, 23180
Sherwood Road, Belleville, M1 48111-9306;
1-734-461-1362; FAX 1-734-461-2858; E-mail
GSCHROCK | @aol.com

Wombaroo Food Products. PO Box 151, Glen
Osmend SA, Australia 5064; 08-8379- 1339,
wombaroo @adelaide.on.net

Zoologic Milk Matrix: Nutritional Components,
Powdered milk replacers for mammals. A divi-
sion of PetAg, Inc., PO Box 396, Hampshire, IL
60140; 1-800-323-0877; FAX 1-847-683-3251;
E-mail techservice@petag.com.

HARD TO FIND SPECIALTY FORMULAS

AND HAND-REARING EQUIPMENT

Geoff Schrock Perfect Pets Inc., 23180
Sherwood, Belleville, MI 48111; 1-800-366-8794
or 1-734-461-1362; FAX 1-734-461-2858; E-mail
GSchrock ] @aol.com: www.tfrozenrodents.

cOm

Grober Inc., 162 Suvage Drive, Cambridge,
Ontario, NIT 184 Canada Tel: 1-519-622-2500;
Toll Free 1-800-265-7863 (in Canada and USA);
FAX 1-519-623-8120; www.grober.com

PetAg. Inc., 261 Keyes Ave, Hampshire, TL
60140; [-800-323-6878; www.petag.com

Wombaroo Food Products, PO Box 151, Glen
Osmond SA, Australia 5064; 08-8379-1339;
wombaraa @adelaide.on.net

HEATING PADS

Wombaroo Food Products, PO Box 151, Glen
Osmond SA. Australia 5064

Wet/dry heating pad: Osborne Industries, 120 N.
Industrial Avenue, Oshorne, KS 67473; 1-800-
255-0316

HUMIDIFIERS

Fine-mist humidifier: Durocraft, Durocrafi
Corporation, 430 Boston Post Road, Sudbury,
MA 01776-102

IMMUNOGLOBULIN TESTING

Immunogiobulin levels using an Equi-Z. test:
V.M.R.D.. Inc.. PO Box 502, Pullman, WA
99163

Immunoassays: SNAP Foal IgG Test, IDEXX
Corp., Westbrook. ME 04092

INCUBATORS

Detailed information for making a homemade
water-based incubator in the article “Simple
Things That Make A Difference: Making Water-
based Incubators™ See Graboski, R. 1995,
Journal of wildlife re-habitiration 18(2):16-17.

Animal Intensive Care Unit (AICU): 30 b table
10p acrylic forced air incubator by Lyon Electric
Company, Inc., 1690 Brandywine Ave., Chula
Vista, CA 91911;1-619-216-3400; FAX 1-619-
216-3434; E-maii lyonelect @cis.comy;
www.lyonelectric.com

Intensive Care Systems: Portable water-lined
warmers by Thermo Care. PO Box 6069, Incline
Viilage, NV 89450; 1-800-262-4020; FAX
1.775-831-1230; E-mail: staff@thermocare.com

Isolette Infant Incubator: Used Air Shields
Incubator, Rankin Biomedical Corporation, 9580
Dolores Dr., Clarkston, MI 48348 1-248-625-
4104; FAX 1-248-625-1070; E-mail:
rankin®@tir.com

Nursery Hospital Intensive Care Units and
Incubators for pets: Petiatric Supply Company,
www._peliatric.com

Thermocare, Inc., PO Box 6069, Incline Village,
NV 89450; 1-80()-262-4020

LACTOSE AND GLUCOSE ADDITIVES

Reagent grade powdered dextrose: Sigma
Chemical Co., PO Box 14508, 8t. Louis, MO
63178
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Powdered edible grade lactose; AMPC, Inc.,
2325 North Loop Dr., Ames, [A 50010

NIPPLES AND BOTTLES

Syringes and feeding bottles: Catac, Bedford,
England

Nasco Farm and Ranch, 4825 Stoddard Rd.,
Modesto, CA 95356-9318; 1-209-545-1600;
www.nascofa.com

Fisher Scientific, Inquiry Department, 600
Business Center Dr., Pittsburgh, PA 15205-9913;
1-412-490-8300 (1 liter polyethylene laboratory
bottle)

Lixit bottles, lixit.com, 1-800-358-8254

NUK nipples: Gerber Products Company, ¢/o
Consumer Affairs, 445 State Street, Fremont, MI
49413-0001; 1-800-443-7237; www.gerber.com

Playtex Company; www.Playtex.com; 1-800-
222-0453

Evenflo Company, Inc., 1801 Commerce
Dr., Piqua, OH 45356; 1-800-233-5921;
www.evenflo.com

Joey teats: Coreen Eaton, 914 Riske Lane,
Wentzville, MO 63385; 1-314-828-5100; E-
mail: wxicof @juno.com.

Four Paws Pet Nurser (conical shaped nipple);
Four Paws Products Limited, 50 Wireless Blvd.,
Hauppauge, NY 11788; 1-516-434-1100;
www.fourpaws.com

Hand-Rearing Wild and Domestic Mammals

Pet-Ag nurser, variety of nipples and botiles:
PetAg Inc., Hampshire, IL 60140; 1-800-323-
0877, www.Petag.com

Mead Johnson Nutritionals: Nipples,1-812-429-
6339; FAX 1-812-429- 7189; 24-hour toll-free fax-
on demand 1-888-606-7737; www.meadjohnsen.
com

Wombaroo Food Products, PO Box 151, Glen
Osmond SA, Australia 5064

Geoff and Christine Smith, PO Box 93,
Bonnyrigg, NSW, Australia 2177

REHYDRATION SOLUTIONS

Pedialyte: Ross Products Division, Abbott
Laboratories, Columbus, OH, 43215-1724;
www.abbott.com

Biolyte: Pharmacia and UpJohn Co.,
Kalamazoo, M1 49001

SYRINGES AND CANNULAS

BD Company, 1 Becton Drive, Franklin Lakes,
NI (7417; 1-201-847-6800; www.BD.com

Jorgensen Laboratories, 1450 N. Van Buren
Ave,, Loveiand, CO 80538; 1-800-525-5614;
400-cc syringes

Sherwood Medical Ballymoney, N. Ireland; 140-
cc Monoject catheter tip syringes
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abscesses, seals, 140

Alpaca Registry, Inc., 40

alpacas, 39

American Association of Swine Vetetinarians
(AASV), 33

anemia, 148, 168, 175-176, 201

antibiotic therapy, elephants, 227

artificial pouches, 55, 64

Atlantic walrus, 150

Aviarios del Caribe Sloth Rescue and
Rehabilitation Center, 81

axis deer, 256

aye-ayes, 106

B

baby bottles, foals, 24
bacteremia, foal risk, 25
bathing, kittens, 22
bats
birth weights, 96
blended nealworm diet, 101
breeding cycle, 96
captive versus wild reiease, 102-103
container ternperature requirements, 99
defecation stimulation, 9%
equipment, 96
feeding frequency, 97
food amounts, 97
housing, 98-100
initial care/feeding, 97
intervention criterta, 96-97
medical problems, [01-102
milk replacement formulas, 97

Index
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nursing, 97

rabies concern, 96

record keeping, 96

solid food introduction, 100-101
species identification importance, 96
weaning, 100~-101

weight gain targets, 97-98

bears, See black bears and polar bears
betadine solution, umbilicus dip. 256, 258
black bears

activity period, 170

age determinations, 171
anemia, 175-176
behaviors, 171

birth weight, 170

breeding cycte, 170
demodectic mange, 174-175
denning, 170

diarchea, 177

distribution pattern, 168
ectoparasites, 174-175
endoparasites, 174
epistaxis, 178-179

food amounts, 172-173
foraging techniques, 170
foreign bedies, 176-177
habitat, 170

handling guidelines, 173-174
housing, 173
hypoglycemia, 177-178
immune status, 174

initial care, 171-172
mange, 174-175

medical problems, 174-179
nursing, 172

ocular lesions, 178
parasites, 174-175
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record keeping, 171
rehabilitation diet formula, 172
release guidelines, 179
restraints, 173-174
ringworm, 174
sarcoptic mange, 174
septicemia, 178
shock, 178
tagging, 179
trauma, 175
vomiting, 178
weaning diet formula. 172
black duikers, 256
black-tailed deer, 244 See also deer
blended mealworm diet, bais, 101
bloat, 101, 197
bonbo, 125
brooders, pig housing, 31-32
burrows. rabbit housing, 6, 9

C

cages
bats, 98-100
lemurs, 110-111
macaques, 121
opossum housing, 53, 54
rabbits, 6
seals, 138-139
sloths, 85
squirrels, 93
sugar gliders, 59
caning distemper virus (CDV), 164, 199-200
capture myopathy, deer, 250
cataracts, macropod health problem, 72
cats
birth weight, 19
breeding cycle, 19
cleaning/bathing, 22
crates, 21-22
defecation stimulation, 19-20, 22
feline imunodeficiency virus (FIV), 22
feline leukemia virus (Felv), 22
food amount guidelines, 20-21
housing. 21-22
litter box introduction, 22
medical problems, 23
milk replacement formula, 21
nursing techniques, 19~20
record keeping, 19
solid food introduction, 22

Index

syringes, 19
tube feeding, 19-20
weaning, 19, 22
weight gain targets, 21
cecotrophs, rabbits, 11
chimpanzee, 125
Chinese water deer, 256
chlorine bath, feeding equipment, 256
combs, piglet parasite removal, 31
constipation. See species section
cotton top tamarin, [14
cottontail rabbit, 5
crates, cats, 21-22
cynomolgus macaque, 118

D

deer
carrying fawns, 246
E.coli disease. 247
feeding guide, 247
goat weight tape, 245
housing, 248-249
immune status, 248-249
initial care/stabilization, 246
medical problems. 250-254
neonate assessment, 245-246
nursing, 246-247
record keeping, 245
release criteria, 254255
release site, 254-255
restraining, 245
tube feeding, 247-248
weaning, 248, 249
dehydration
bat medical problem, 101
exotic felids, 217
ferrets, 205
foal risk, 25
foxes, 167
lactated Ringer’s solution (LRS), 7
macaques, 123
pigs, 30
raccoons, 199
seals, 140
demeodectic mange, 174-175, 196
diarrhea. See species section
disbudding (hom removal), goat kids, 37
domestic rabbit, 5
Duchess Fund, 33
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E. coli infections, 38, 247
East African black rhinoceros, 236
eastern cottontail, 5
eastern grey kangaroo, 63
ectoparasites, 164, 174, 174-175, 195-196
elephants
antibiotic therapy, 227
behaviors, 227
birth weight, 221
body temperature, 221
breeding cycles, 221
caretaker selection criteria, 224
constipation, 225
diarrhea, 225
equipment, 22|
feeding frequency, 224
fluid therapy, 226-227
food amounts, 223-224
herpesvirus infection, 225-226
immune status, 224
immunoglobulin transfer, 224-225
initial care, 221-222
intervention criteria, 221
medical problems, 225-226
metabolic bone disease, 115
milk replacement formula, 222
milking the dam, 223
neonate assessment, 221-222
nursery location, 224
nursing, 222-223
physical development, 227
record keeping, 221
rickets, 225
skin dryness, 226
solid food introduction, 227-228
sunburn, 226
supplements, 222
trauma, 226
umbilical infection, 226
vaccinations, 227
weaning, 228
emaciation, foxes, 167-168
enclosures. See housing and cages
endoparasites, 163. 174, 185, 254
epistaxis, black bears, 178-179
European rabbit, §
exotic felids
bottle-feeding, 213
calcium deficiency, 217
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dehydration, 217

diarthea, 217

feeding strategies, 214-215
housing, 213-214

hypoglycemia, 217

hypothermia, 216-217
immunoglobulin transfer, 215-216
intervention criteria, 207

medical problems, 216-217

milk replacement formulas, 207-213
respiratory infections, 216
socialization, 217-218

umbilical stump treatment, 216
weaning/enrichment diet, 208-213
weight gain targets, 215

exotic ungulates

ambient temperatures, 257
amounts (o feed, 259
equipment, 256

fecding schedule, 258-259
formulas/supplements, 257
inttial care/stabilization. 257
medical problems, 261
neonate assessment, 256
normal body temperature, 257
norsing, 258

reasons for hand rearing, 256
record keeping, 256

tube feeding, 259

umbilicus dip, 256. 258
weight gain, 259

F

failure of passive immune transfer (FPT), South

American camelids, 40

tawns. See deer
feeding

bats, 97-98

black bears, 172-173

cats. 19-21

elephants, 222-224, 227-228
exotic felids, 207-213, 214-215
fawns, 246248

ferrets. 204-205

foals, 25-28

foxes, 16(, 162

goat kids, 35-36

great apes, 127-128
hedgehogs, 78

lemurs, 1(37-109
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macaques, 119120

macropods, 65-67, 68
nondomestic equids, 230-232, 233
opossums, 46-51, 52

pigs, 31-32

polar bears. 184187

puppies, 14-16

rabbits, 7-9

raccoons, 193, 194

rhinoceros, 239240

sea lions, 145-146, 147-148
seals, 135-138, 139-140

sloths, 82-84

squirrels, 91-93, 94

South American camelids, 4042
sugar gliders, 56-59

tamarins, 115

ungulates, 258-259

walrus, 150-155, 156

felids. See exotic felids
fenbendazole toXicity, raccoons, 196
ferrets

birth weight, 204
dehydration, 205

diarrhea, 205

feeding, 204-205
feeding/housing jills, 203-204
hypothermia, 205

medical problems, 205
nursing, 204-205

nutrition importance, 203
parenting methods, 203204
weaning, 204, 205

fleas, raccoons, 196
fluid therapy, elephants, 226-227

foals

bedding materials, 27

birth weights, 24

birthing cycle, 24

body temperatures, 25
canstipation relief, 25
equipment, 24

feeding frequency, 27

food amount guidelines, 27
grafting onto nurse mares, 2425
heart rates, 25

housing, 27-28

immune status, 28

initial care, 25

intervention criteria, 2425
mean time to first urination, 25
medical problems, 28-29

milk replacement formulas, 25-26

Index

neonate assessment, 25

nursing, 26-27

record keeping, 24

selenium deficiency avoidance, 25
socialization, 27-28

solid food introduction, 28

tube feeding, 27

umbilicus sizingfevaluation, 25
weaning, 28

weight gain targets, 27

foreign bodies, black bears, 176177
formulas

foxes

bat, 97

black bear, 172

cat’s, 21

elephant, 222

exotic felid, 207-213
fox, 160

goat, 35

great ape, 127
heating guidelines, 257
lemur, 106~107
macadue, 119
macropod, 65-66
mare, 25-26
nondomestic equid, 230-231
opossum, 48—49

pig. 31

polar bear, 185-186
puppies, 14

rabbit, 7-8

raccoon, 193
rhinoceros, 238-239
sea lion, 143-144
seal, 133-134

sloth, 81-83

South American camelids, 4041
squirrel, 91

storage guidelines, 14
sugar glider, 56-57
tamarin, [14
ungulates, 257
walrus, 150-152

activity periods, 158, 159

age detetrpination, 159

anemia, 168

behavior characteristics, 158, 159
breeding cycle, 158, 159

canine distemper virus (CDV), 164
dehydration, 167

diarthea, 165-166

ectoparasites, 164



emaciation, 167-168

endoparasites, 163

foraging techniques, 158, 159

fractures, 167

habitat, 158, 159

handling concems, 160

housing, 161-162

hypoglycemia, 166-167

immune status, 163

infectious diseases, 164-165

initial carc, 159-160

medical problems, 163-(68

nursing, 161

ocular lesions, 168

parasites, 163-164

parvovirus (canine viral enteritis), 164-165

rabies, 165

record keeping, 159

rehabilitation diet formula, 160

telease guidelines, 168

restraints, 160, 163

septicemia, 167

shock, 167

traumna, 167

tube feeding, 161

vaccination protacols, 163

weaning diet formula, 160
fractures, 167, 198, 250

G

gastrointestinal parasites, raccoons, 195
gastrointestinal problems, deer, 253
gastrointestinal (GI) tract infections.
hedgehogs, 79
gerenuks, 256
giraffes. See exotic ungulates
goat kids
body temperature, 35
bottle-feeding, 35-36
castrution, 37
colostral antibodies, 37
daily milk intake, 35
described, 34
disbudding ¢horn removal), 37
herd reintroduction, 38
housing, 36-37
medical problems, 38
milk replacement formulas, 35
nursing, 35-36
record keeping, 34--35
solid food introduction, 37
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tattooing, 37
tetanus antitexin, 37
tube fecding, 36
umbilical cord care, 37
weaning. 37
weight gain targets, 36
golden lion 1amarin, 114
grafling, nursing foals, 24-25
gram scale (postal scale). rabhbits, §
gray fox, 158-159
great apes
24-hour watch, 126
air temperature requirements, 129
bonding timeframe, 126
described, 125
equipment, 125-126
feeding frequency. 127-128
group reintroduction. 130
growth curve, 129
housing. 129
initial care, 127
intervention criteria, 126
medical problems, 129-130
milk replacement formula. 127
neonate gssessment, 127
nursing. 126, 127
protocols, 125
record keeping, 125
suck knobs, 126
twy introduction, 129
tuberculosis concerns. 125
vaccination guidelines, 125
ventral vertical nursing, 126
weaning, 127-128
Greby's zebra, 229
guanaco, 39
giit worms, hedgehogs, 79

H

hair loss, bats, 102

harbor seals, 132

hares, 5

Hartmann’s mountain zebra, 229

heart rates, foals, 25

heat prostration, deer, 252

heat sources. rabbits, 6

heat stroke, deer, 252

hedgehogs
adult appearance, 76-77
adult feeding guide. 79
biological data, 77
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colostrum needs, 78 goat kid nsk, 38

equipment, 77 raccoons, 198-199

feeding, 78 seals, 140

housing, 78-79 hypothermia

initial care, 78 deer, 252

medical problems. 79-80 exotic felids, 216-217

record keeping, 77 ferrets, 205

scientific and common names, 76 foal risk, 25

weaning, 79 gout kid risk, 38
helminthosis. macropod diarrhea cause, 72 macagques, 123-124
herpesvirus infection, elephants, 225-226 rabbit nest area temperature, 9
hoofstock neonates, cow’s colostrum, 257 rabbit warming methods, 7
hortt removal (disbudding}, goat kids, 37 scals, 140
housing. See also cages

bats, 98-100

black bears, 173 I

cats, 21-22

deer, 248-249 inappetence, sea lions, 148

elephants, 224 indigestion, 197, 253

exotic felids, 213-214 International Llama Registry, 40

foals, 27-28 International Species Information System (I518),

foxes, 161-162 63

goat kids, 36-37 iritable bowel syndrome, rnacropods, 71

great apes, 129

hedgehogs, 78-79 J

lemurs., 109, [11]

macaques, 120-122 )

macropods, 67-68 joeys

growth cycle, 63

nondomestic equids, 232-233 : : .
mtervention criteria, 6465

opossums, 51, 53
pigs, 32

polar bears, 187 K
puppies, 16-17
rabbits, 5-6, 9
raccoons, 193-194
rhinoceros, 240-241
sea lions, 146147

kangaroos, 63
kindling, defined, 5

seals, 138-139 L

sloths, 85

South American camelids. 42 lactose imolerance, great apes, 130

squirrels, 93 lemurs

sugar gliders, 59 body emperature, 109

tamarins, 116 breeding cycle, 104

ungulates, 259-261 defecation stimulation, 111

walius, 155-156 equipment, 103
hyperthermia, deer, 251 feeding frequency. 108-109
hypogiycemia food amounts, 108-109

black bears, 177-178 housing, 109, 111

deer, 251 mnitial feeding, 107

exotic felids, 217 intervention criteria, 105

foal risk, 25 medical preblems, 112

foxes, 166167 milk replacement formulas, 106107



necnale assessment, 105-106
nursing, 108
pathogen exposure avoidance, 111
record keeping. 15
reintroducing to theit mother, 112
socialization, 111
solid feod introduction, 111
supplementation versus hand rearing,
104105
weaning, 111
weight gain targets, 109-110
litter box, kitten introduction, 22
litter trays, opossums, 50
Hamas, 3%
lowland gorilla, 125
lung worms, hedgehogs, 79

M

macaques
air temperature requirements, [21
birth weight, 118
breeding cycles, 118
cercopithicine herpes 1, 118
equipment, 118
feeding frequency, 120
group reintroduction, 124
housing, 120-122
incubators, 120-121
infervention criteria, |18
maternal abuse concerns. 118
measles virus {rubeola), 118
medical problems, 123-124
milk replacement formulas, 119
neonate assessment, 119
nursing, [19
record keeping, 118
self-feeders, 121-122
tube feeding, 119-120
weaning, 123
weight gain targer, 120
macropods
active imrmunity, 68-69
artificial pouches, 64
body temperatures, 65
breeding cycle, 63
captive versus wild, 72-73
cataracts, 72
developmental milestones, 67
equipment, 63-64
feeding, 66

Index

food amounts, 66-67
housing, 67-68
infectious diarrhea causes, 71-72
initial care, 65
mtervention criteria, 6465
medical problems, 70-72
milk replacement formula, 65-66
noninfectious diarrhea causes, 70-71
nursing, 66
passive immunity, 68-69
pneummonia, 72
pouch emergence, 69
pouch liners, 64
pouch young assessment, 65
record keeping, 63-64
solid food introduction, 69~70
tube feeding, 66
weaning, 69-70
weight gain targets, 67, 69
malnourishment, great apes. 130
mange, 174-175, 196
medical prohlems
black bears, 174—179
cals, 23
deer, 250-254
elephants, 22-225
exotic felids, 216-217
terrets, 205
foals, 28-29
foxes, 163168
goat kids, 38
great apes, 129-130
hedgehogs. 79-80
lemurs, 112
macaques. 123-124
macropods, 70-72
nondomestic equids, 233-234
pigs, 33
puppies, 17
rabbits, 11-12
raccoons, 195-201
thinaceros, 241-242
sca lions, 148
seals, 140-141
sloths, 88
South American camelids, 42
squirrels, 94
sugar glidets, 60-61
tamarins, 116117
ungulates, 261
walrus, 156
membranes, bats, 102
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metabolic abnormalities, deer, 251 ungulates, 258
metabolic bone disease (MBD), 115, 197 walrus, 152-153
Madified-Jurgelski Diet, opossums, 51-52

0

N
occular lesions, 168, 178, 201, 254
nasogastric tubes, foals, 24, 25 Opossum Society of the United States (OSUS), 45
National Commiittees on Potbellied Pigs, 33 opossums
natural history, rabbits, 5 breeding cycles, 45
naval ill (Omphalitis/Omphalophlebitis), deer, 250 cage setup, 53
nematode infestation, seals, 141 defecation stimulation, 46
neonatal diarrhea goat kid risk, 38 disinfectant uses, 51
nondomestic equids feeding, 46-51, 52
birth weights, 229 housing, 51, 53
equipment, 230 initial care, 46
feeding frequency, 232 imervention criteria, 45
food amounts, 232 litter training, 50
group reintroduction, 234 milk replacement formula, 48—49
housing, 232-233 Modified-Jurgelski Diet, 51-52
initial care, 230 orphan care guidelines, 45
initial feeding, 231 outdoor cagesfruns, 53, 54
intervention criteria, 230 rehydrating before syringe feeding, 47, 50
medical problems, 233-234 release guidelines, 53-54
milk replacement formulas, 230-231 solid food introduction, 51
nursing, 231-232 syringe feeding, 47, 50
record keeping, 229-230 tube feeding, 46-47
solid food introduction, 233 warming before rehydrating, 46
supplements. 230231 weaning, 50-51
weaning, 233 weighing, 46
nontoxic browse, sugar gliders, 59 orangutan, 125
northern elephant seals, 132
nursing
bats, 97 |
black bears, 172
elephants, 222-223 Pacific walrus, 150
foals, 26-27 parama wallaby, 63
foxes, 161 parasites
goat kids, 35-36 bat medical problem, 102
great apes, 126, 127 black bears, 174-175
kittens, 19-20 deer, 254
lemurs, 108 foxes, 163-164
macagques, 119 hedgehogs, 79-80
macmpnds‘ 56 plg il’lSpECliOl‘l. i0-31
nondomestic equids, 231-232 raccoons, 195
rabbits, 8 sea lions, 148
sea lions, 145 seals, 140-141
sloths, 83 parvovirus {(canine viral enteritis), 164—165, 200
South American camelids, 41 pelvic fractures, deer, 250
squirrels, 92 pesticides, bat poisoning concern, 102
sugar gliders, 57 pigs

tamarins, 115 bedding materials, 32



bottle-feeding, 31-32
breeding ¢ycle, 30
brooders, 31-32
castration issues, 33
deworming, 31
equipment, 30
feeding, 31-32
housing, 32
initial care. 31
intervention criteria, 30
loose stoo] treatment 31
medical problems, 33
milk replacement formula, 31
neonate assessment, 30-31
pan feeding, 31
parasite inspection, 30-31
rehydration methods. 30
solid food introduction, 32--33
weaning, 32-33
weight gain targets, 32
playpens, pig housing, 32
pneumonia, 72, 140-141, 148
poisons, bat medical problem, 102
polar bears
birth weights, 181
hody temperature, 182, 184
breeding cycle, 181
described, 181-182
development stages, 187
environmental stimulation sensitivity, 187
feeding frequency, 186
housing, 187
initial care, 182-186
intervention criteria, 182
milk replacement formulas, 185-186
record keeping, 182183
serum dosages, 184-185
solid food introduction, 187
umbilicus care, 184
weaning, 187
pouch liners, 39, 64
preputial sucking, raccoons, 196
products mentioned, sources, 262-265
pronghorn, 256
Przewalski’s horse, 229
puppies
age assessment, 13
amounts to feed, 16
bedding, 17
elimination, 16
equipment, 13

Index

feeding, 14-16

formula selection, 14
formulas/supplements, 14
housing, 16-17

humidity, 17

immune status of hand raised, 17
initial care/stabilization, 14
medical problems, 17

neonate assessment, 13

nursing, 15

reasons for hand rearing, 13
record keeping, 13

socialization, 18

tube feeding, 15-16

umbilicus used for age assessment, 13
weaning, 17

R

rabbits
hirth weight, 5
body temperature, 7
cecotrophs, 11
equipment, 5-6
fear vocalizations, 9
feeding frequency, 8-9
food amount guidelines, 9-10
handling guidelines, 9
hindgut fermentation, 1!
housing, 9
initial feeding, 8
intervention criteria, 6
medical problems, 11-12
milk replacement formulas, 7-8
neonate assessment, 6
nursing, 8
record keeping, 5
size differences, 5
solid food introduction. 9-11
stimulating defecation, 8
tube feeding, 8
warming methods, 7
water consumption, i0-11
weaning, 5, 90—l
weighing, 5
weight gain targets, 9
rabies, 96, 165, 200-201
raccoons
activity periods, 191
age determinations, 192
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anemig, 201 red-necked wallaby, 63

behaviors, 191 rehydration fluids, piglets, 30

bloat, 197 resources, products mentioned, 262-265
breeding cycle, 191 respiratory disorders, bat medical problem, 102
camine distemper virus (CDV), 199-200 respiratory infections, exotic felids, 216
dehydration, 199 rhesus macaque, 118

demodectic mange, 196 rhinoceros

deworming, 194-195 bedding, 240

diarrhea, 198 biological data, 236

ectoparasites, 195-196 body temperature, 237
endoparasites, 195 feeding, 240

tenbendazole toxicity, 196 formuias, 238-239

fleas, 196 housing, 240241

fractures, 198 wnitial carefassessment, 237
gastrointestinal parasites, 193 medical problems, 241-242
habizat, 191 nursing. 239-240

handling techniques, 191-192 record keeping, 236237

housing, 193-194 reintroduction to adult groups, 242
hypoglycemia, 198-199 San Diego Wild Animal Park (SDWAP), 236
indigestion, 197 supplements, 239

infectious diseases, 199-201 trouble indicators, 237

initial care, 192 weaning, 241

juvenile diet formala, 193 weight records, 2136-237

mange. 196 rickets, elephants, 223

medical problems, 195-201 ring-tailed lemurs, 104

metabolic bone disease (MBD), 197 ringworm, 174, 195-196

milk replacement formulas, 193 ruffed lemurs, 104

occular lesions, 201 ruminamts, tube feeding cautions, 259

parasites, 195
parvovirus (canine viral enteritis), 200

physiological parameters, 191 S
preputial sucking, 196
rabies, 200-201 salmonellosis, walrus calves, 156
release guidelines, 201 San Diego Wild Animal Park (SDWAP), 229, 236
restraints, 191-192 sarcoptic mange, 85, 94, 174
ringworm, 195-196 scrotal hernias, great apes, 130
septicemia, 199 sed lions
shock, 199 birth weight, 143
ticks, 196 blood drawing. 148
trauma, 197-198 breeding cycles, 143
wbe feeding, 193 captive versus wild release, 148
vaccination protocol, 194-195 feeding, 145-146
vomiting, 201 food amounts, 146
weaning diet formula, 193 force-feeding fish, 147
radial immunodiffusion (RID) test plate, South housing, 146-147
American camelids, 40 lmmune status concerns, 147
rat-kangaroos, 63 intervention criteria, 143
ravel-free fabric, opossum handling, 45, 50 medical problems, 148
red fox, 158 milk replacement formulas, 143144
red kangaroo, 63 nursing, 145

rcd-flanked duikers, 256 record keeping. 143



solid food introduction, 147-148
tube teeding, 145-146
weaning, 147
weight gain targets, 146
seal pox virs, 141
seals
24-hour watch, 133
birth weight, 132
breeding cycles, 132
equipment. 132
feeding frequeney, 137-138
housing, 138-139
initial care, 131
intervention criteria, 132-133
medical preblems, 140-141
milk replacement formulas, 133-134
record keeping, 132
rehydration before formula introduction, 133
solid food introduction. 139-i40
supplernents, 134-135
wbe feeding, 135-137
weaning, 139-140
weight gain patterns, 135
self-feeders, macaques, 121-122
sepsis, 129, 352
septicemia, 67, 178, 199, 252
shock, 167, 178. 199, 251
siamang, 125
sifakas, 104
skin diseases, hedgehogs, 79
skin dryness, elephants, 226
skin rashes, macaques, 124
sloths
birth weight, 81
body \emperatures, 85
breeding cyeles, 81
feeding frequency, 83-84
food amounts, 84
kandling techniques, 85-86
housing, 85
immune status, 85-86
medical problems, 88
milk replacement formulas, 81-83
nursing, 83
record keeping, 81
reintroduction to an exhibit, 88
relcase issues, 88
sarcoptic mange, 83
solid food introduction, 86-88
stuffed animal as surrogate mother, 85-86
toilct tree introduction. 85

Index
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weaning., 86-88
weight gain targets, 84-85

Somali wild ass, 229
South American camelids

birth weights, 39

birthing times, 39-40

body temperature, 40

breeding cycle, 39

congenital defects, 42

equipmcnt, 39

feeding frequency, 41-42

FPT (failure of passive immune transfer), 40
housing, 42

initial care, 39-40

initial feeding, 404t

intervention criteria, 39

medical problems, 42

milk replacement formulas, 4041
nursing, 41

premature birth indicators/causes, 40
radial immunodiffusion (R1D) test plate, 40
record keeping, 39

solid food introduction, 42

umbilica! cord care, 40

weaning, 42

weight gain targets, 42

southern white rhinoceros, 236
spaying. female piglets, 33
Speke’s gazelies, 256

spiny hedgehogs, 75

squirrel pox (Fibromatosis), 94
squirrels

age determinations. 90-9!

birth weights. 90

body temperature, 91

ciloric requirements, 91

captive versus wild release. 94-95
equipment, 90

feeding frequency, 92

food amounts, 92-93
gastrointestinal (Gl) problems, 94
housing. 93

initial carc, 91

mitial feeding, 91-92

injury types, 94

intervention criteria, 90-91
medical problems, 94

milk replucement fermulas, 91
neéonate assessment, 91

nursing, 92

rccord keeping, 90
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solid food introduction, 93-94
weaning, 93-94
subcutaneous drips, piglet rehydration, 30
sugar gliders
air temperature guidelines, 56
artificial pouches, 55
breeding cycle, 55
captive versus wild, 61
colony reintroduction techniques, 61-62
dietary component definitions, 60
equipment, 55-56
feeding, 57-58
food amounts, 58
growth milestones, 57
hand-raising records, 55-56
housing, 59
immune status, 59
initial care, 56
intervention criteria, 56
life expectancy, 55
medical problems, 60-61
medications, 6061
milk replaccment formulas, 5657
nontoxic browse, 59
nursing, 57
pouch liners, 59
socialization, 61-62
solid food introduction, 59-60
siress-free environment importance, 56
toys, 59
weaning, 50-60
weight gain targets, 58-59
sunburn, elephants, 226
syringe feedings, opossums, 47, 50

T

tagging, black bears, 179

tamarins
air temperature requirements, 116
body temperature, 114
brecding cycles, 114
equipment, [[4
food amounts, 115
housing, 116
initial care, 114
initial feedings, 115
intervention criteria, 114
medical problems, 116-117
milk replacement formulas, 114

index

neonate assessment, 114
nursing, 115
record keeping, 114
reintroduction to family group, 116
stuffed toy as surrogate mother, 116
umbilicus treatment, 114
weaning, 116
weight gain targets, 115
tammar wallaby, 63
tattoos, goat kids, 37
temnperature stress, macropod diarvhea cause, 70
ticks, raccoons, 196
towels, ungulate bedding, 257
Triple I Farms, radial immunodiffusion (RID) test
plate, 40
true lemurs, 104
tusk infections, walrus, 156

U

ungulates. See exotic ungulates

Vv

vicuna, 39
viral infections, seals, 140

W

wallabies, 63
walrus
birth weight, 150
breeding cycle, 150
caloric value determinations, 154-155
equipment, 150
feeding frequency, 154
food amounts, 154
housing, 155-156
immune status, 156
initial feeding, 152
intervention criteria, 150
medical problems, 156
milk replacement formulas, 150-152
nursing, 152-153
record keeping, 150
salt water requirements, 156
solid food introduction, 156
supplements, 152
tube feeding, 153-154



Index 279

weaning, 156 y/
weight gain targets, 155
western grey kangaroo, 63 zebra duikers, 256
white-tail deer, 244245 zoonotic disease, 5. 79

wing injury, bats, 10]

Y

yeast, macropod diarthea cause, 71



