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MILK REPLACERS: COMPOSITION AND PRODUCTION

William J. Monson, General Manager
Pet-Ag, Inc.
30 W 432 Rt. 20
Elgin, IL 60120

Formerly Pet-Ag Division of Borden, Inc.

Introduction
The assignment given me today was to review the basis on

which our milk replacers are formulated and to discuss the
production and controls used in manufacturing these milk
replacers. The history of Borden and milk dates back to the
middle nineteenth century when our founder, Gail Borden,
discovered how to condense and preserve milk. Condensed milk
was used for infant feeding for many years. So it is not
surprising that Borden developed a milk replacer for dogs
about 40 years ago.

Formulation Philosophy

The dam's milk is the perfect food in the best delivery
system available for each species. In the absence of the
dam's milk, we believe the best approach to feeding is to
provide a milk replacer that approximates the composition of
the milk of the target species. Although some detail is
available concerning micro-ingredients such as vitamins and
minerals, in the domestic dog and cat, we concern ourselves
primarily with protein, fat, and carbohydrate. These are of
primary importance because they relate to the natural
digestive systems of the target species and their ability to
handle the quantity of these components presented to them
through the milk replacer.

We evaluate the composition on a dry basis because we
believe that the actual relationship of the 3 major
components is the most critical guide. Water is certainly of
extreme importance, and the amount used to reconstitute a
powdered formula will affect the volume of nutrients that can

be fed. However, from a practical standpoint the 1liquid,
ready-to-feed forms present manufacturing problems with the
higher solid 1levels. The use of powder allows more

flexibility in making milk with higher solids. The liquid
forms, where available, can be more convenient and, since
they are sterile, find a place in germ free or gnotobiotic
research.

Table 1 shows the composition of the milk of several
species for which we have developed specific milk replacers,
and these are compared to cow's milk. There are obvious
differences among the species. It becomes apparent why cow's
milk is not suitable for many species. Even using condensed
milk does not change the composition on a dry % energy
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components in soluble or suspended form while trying to
minimize gelling with age.

uality Control
The spray dried powders are analyzed for protein, fat,

ash, and moisture as well as vitamin A and vitamin D before
canning. In addition we check the peroxide number to make
sure the fat has not deteriorated and analyze for total
bacteria concentration, salmonella and coliforms. When this
information plus other vitamin and mineral analyses have been
completed, and passed, the powder is released for canning
under inert gas to preserve the fat and vitamins, and to
retard browning of the milk components. The final canned
product is again checked for peroxide level and a second
complete bacteriological check.

The liquid products are monitored in process to assure
the proximate composition. After the product has been canned
and retorted, a statistically representative number of cases
is incubated at 78°F for ten days. A smaller number of cases
is incubated at 100°F to make sure there are no thermophylic
(heat 1loving) bacteria present. Even one bulged can,
requires a can by can inspection of the sublot before the
product is released. The high temperature incubated samples
are destroyed while the 78°F incubated samples are sold.
During this period of time we analyze the finished product
for vitamin A, vitamin D, calcium, phosphorus and other
selected vitamins and minerals. The selection varies from
production to production so that over a period of time we get
a complete picture of the composition.

Sunmary
It is well understood that milk is very complex. The

way that milk components are put together in the mammary
gland is complex and uniquely wonderful. There are certainly
special compounds provided for the well being of the young
that we are not considering. The very fact that the natural
milk is raw and unprocessed is of importance. So when we are
presented with an orphan we can only attempt to nourish it
with a milk replacer until it can develop to the extent that
it can use other foodstuffs. A tough assignment.

We have discussed the formulation philosophy,
production, and quality control we use to try and accomplish
this task. This has apparently met with success as judged by
the fact that we still provide these products for owners of
animals as well as many zoos around the world. I believe
there is room for improvement and we are dedicated to this
end.







TABLE I1I

COMPOSITION OF SELECTED MILKS - ENERGY BASIS (OFTEDAL)

NUTRIENT DOG CAT PIG HORSE _Cow
Gross Energy

(kcal/q) 1.46 1.74 1.24 0.51 0.71
Fat Energy % 59 57 61 23 48
Protein Energy % 31 35 22 22 26

Sugar (Lactose)
Enerqgy % 11 8 16 54 26
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passed in the colostrum or by the placenta provides the young
animal with antibodies to most of the pathogens the dam has
contacted. The neonate then has defenses against these
organisms prior to its own exposure. If the newborn does not
receive this protection, it will be immunodeficient for
several weeks to months until its own immune system begins to
provide this protection. (5) This can be particularly
critical for exotic neonatal animals requiring hand rearing
since the neonate is exposed to many pathogens at birth and
rearing techniques and formula compositions are often only
educated guesses.

There are four basic types of immunity: humoral or
antibody production; cellular; phagocytosis; and non-specific
mediators i.e., interferon and complement. (6) These all

function as part of the 1lymphoid system. Antibody or
immunoglobulin production occurs in the 1lymphoid follicles
and in the medullary cords of the lymph nodes, spleen, and
diffuse 1lymphoid aggregates.(6) Fetuses are usually
incapable of producing antibodies much before the third
trimester, and the ability to make a specific antibody
develops sequentially over several weeks to several months.
Fetuses can respond to some antigens prepartum, other
antigens at birth, and still others several weeks post
partum. The neonate should be able to respond to all
antigens when it is at least several weeks old. (6,8)

The 4initial antigen stimulation causes active
proliferation and recruitment of small lymphocytes or B cells
from the blood. The B lymphocytes have specific
immunoglobulin receptors that recognize antigenic
determinants on foreign material. (6) The B cells come in
contact with the antigen. This stimulates cellular division
into either 1lymphoblasts which enter the circulation and
produce antibodies, or plasma cells which remain in the lymph

nodes and produce antibodies. There is a large number of
cells produced from a single cell that was stimulated by an
antigen. (6) There are five classes of antibodies or

immunoglobulins: IgG; IgA; IgM; IgD; and IgE. IgG is the
major circulating antibody which helps prevent illness when
the animal is exposed to a pathogen. IgE is localized in
tissue and is also significant in disease reduction. 1IgG is
the basic structure of the others. Immunoglobulins or
antibodies are proteins which bind to the antigen when they
come in contact with it. The immunoglobulin in turn binds
itself to either complement or cell surfaces. The
destruction of the antigen then proceeds by either cell
mediated cytotoxicity, phagocytosis, or complement
cytolysis. (6,7)

Passive transfer of colostral immunoglobulins appears to
have a major influence on neonatal mortality rates in
domestic artiodactyls and perissodactyls. In lambs, 14% of
clinically normal animals had some failure of antibody
transfer. In contrast, failure of passive transfer was found







a newly lactating female is handled, colostrum should be
collected and frozen. If maternal colostrum is unavailable,
colostrum from a closely related species may be given. Cow
and goat colostrum may be obtained from local dairies, and
frequently local horse breeders will cooperate in supplying

equine colostrum. (5) In addition, serum or plasma may be
collected from adult animals. This may be administered to
the neonate orally or by injection. IgG may also be

fractionated from the plasma of adult animals, and this may
be stored frozen for future use. (5)

Extreme care should be taken when colostrum is collected
from either domestic or exotic animals. If the milk is not
collected and stored in a clean, sanitary manner, it can
become contaminated. Colostrum is an ideal culture medium.
Feeding neonatal animals colostrum which has been
inadvertently inoculated with pathogenic organisms has
produced serious illness and death especially in
immunodeficient neonates. The transmission of disease from
the female through the milk can cause serious problems. If
the female has mastitis, she may shed large numbers of
organisms in the milk. Some systemic diseases may also be
transmitted via colostrum or milk. Domestic goat colostrum
was fed to several neonatal ibex, Capra ibex nubiana. A
disease resembling caprine arthritis-encephalitis, a
retrovirus infection, was introduced into these animals, and
it resulted in numerous deaths. The domestic goat colostrum
is the most likely source of the viral infection. (1)

Several things can be done to reduce the potential risks
involved in feeding colostrum to immunodeficient neonates
without compromising the positive effects. The colostrum
should be collected in a clean, sanitary manner. It should
be sealed in 90 ml to 120 ml units and pasteurized in a 56

degree centigrade water bath for 30 minutes. This is
comparable to slow time and temperature pasteurization at 140
degrees Fahrenheit. It kills most pathogenic bacterial and

viruses while maintaining the integrity of the
immunoglobulins in the colostrum. (2) The colostrum is then
stored frozen for no more than six months. Whenever
possible, colostrum alone should be fed for the first 24
hours of a neonate's life. Then colostrum is used as 10% of
the daily ration for the first three weeks of life in those
animals judged to be at risk.(2) The local effect of the IgE
helps protect the gut mucosa even thought the neonate does

-not -absorb the immunoglobulins after the first several days.

The colostrum should always be pasteurized prior to use
regardless of the source.

Mortality rates in domestlc animals receiving colostral
immunity are much reduced. Preliminary information indicates
the same may be true for exotic neonatal animals. Proper
handling and storage of colostrum can reduce the risks of
colostrum use while protecting the positive factors. Since
many exotic animals are rare or endangered animals, any
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INFANT DIET/CARE NOTEBOOK

Steve H. Taylor, Director
Cleveland Metroparks Zoological Park
3900 Brookside Park Drive
Cleveland, OH 44109

INTRODUCTION

Let me start today's presentation with a few quotes from
correspondence I have in my file between myself and several
consecutive American Association of Zoological Parks and
Aquariums presidents.

May 26, 1982 - To: Peter Karsten, Calgary Zoo
Dear Peter:

"It appears that interest has dwindled over the last
couple years...I feel we should delete the Infant Diet/Care
Advisors from the AAZPA committee structure."

Auqust 6, 1982 - To: Steve H. Taylor, Sacramento Zoo
Dear Steve:

"Please accept this letter as notification that I have
re-assigned you as Infant Diet/Care advisor."

April 28, 1983 - To: Charles Bieler, San Diego Zoo
Dear Chuck:

"For my own part, I think a new chair is needed to bring
new ideas and goals to this project. Five years is
enough."

Auqust 25, 1983 - To: Steve H. Taylor, Sacramento Zoo

Dear Steve:

"This will serve to advise you that President-Elect
Bieler has reappointed you to serve as one of the Infant
Diet/Care Advisors."

April 27, 1984 - To: Elvie Turner, Fort Worth Zoo
Dear Elvie:

"As you are most likely aware, I have been an Infant
Diet/Care Advisor since 1977... I -have enjoyed this project
very much, but feel someone else should continue this
work."

August 6, 1984 - To: Steve H. Taylor, Sacramento Zoo
Dear Steve:

"Please accept this letter as notification that I have
appointed you as Infant Diet/Care Advisor..."

Now please do not get the wrong idea. The Infant
Diet/Care Notebook 1is a viable tool for our industry and I
am proud that I was given an opportunity to be involved
with its formation. But (as a word of warning), I am not a
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Thirdly, we have the fact sheets themselves. At first,
the committee was collecting only mammal diets, but after
the initial notebook's publication birds were added.

Today we have a total of 344 mammal diets and 35 bird
diets, although 117 of these are to be included in
supplement #2 and have not yet been published. These 379
diets were submitted to me by 122 different individuals
from 59 different zoos and related organizations.

The last part of our notebook 1is the bibliography
section. We had hoped that this section would contain
references to all articles concerning hand-raising zoo
animals.

The notebook was designed only as an index and we never
proposed it to be a complete reference answering all
questions on hand-raising. It does give us names and
whereabouts of colleagues who have either successfully or
unsuccessfully hand-raised animals we may be attempting to
raise ourselves.

DISCUSSION

The topic of hand-raising is enigmatic at best and is a
subject which has not properly been evaluated. Few, if
any, studies exist that follow a hand-raised animal through
adulthood. It is most 1likely that all of us in the zoo
business have had at least one bad and one good hand-
raising experience.

As we have heard this morning there are many nutritional
considerations when attempting to hand-raise a young exotic
animal. Also, (and just as important) there are many
behavioral problems associated with hand-raised animals.
The following considerations should probably be examined
prior to attempting to hand-raise a rejected neonate
captive animal:

1. Is there any available information on hand-raising
successes with this species?

2. Do you have facilities, time, and staff for this

project? Can you provide a stimulating
environment?

3. Do you have conspecifics which may be raised
together or do you have other plans to prevent
imprinting?

4. Is the animal rejected a biological weakling which
in nature would not have lived?

5. And lastly, does the necessity of maintaining

adequate gene pools of rare and endangered species
negate all of the above?
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to name a few. As stated previously we only have
35 individual bird diets. Certainly the notebook
has voids.

5. Of immediate concern, the present three-inch
notebook is full and we must decide if we wish to
continue to a volume two.

6. Finally, there has always been a certain amount of
criticism concerning the fact sheets themselves and
in particular that they do not contain enough
information. This needs to be examined closely
and see 1if changes can be made within the
reasonable guidelines of the goals of the
notebook.

SUMMARY

The Infant Diet/Care Notebook published by the American
Association of Zoological Parks and Aquariums provides a
bibliography and index systems on hand-raising of exotic
animal species. The real need for hand-raising information
may now be in saving endangered species from extinction.
The notebooks will never be complete, and we welcome input
from everyone in the form of additional diets and comments
and suggestions on format changes.

Paper received May, 1985

~19-






nursery temperature of 84° F. If the animal shows signs of
hypothermia 4-8 hours after temperature reduction (-97°), the
isolette is increased to the previous day's level and reduced
again the following day. This protocol is maintained until
the neonate is able to maintain temperature (98.5° F or
greater) with heating pad support when removed from the
isolette. A word of warning: never turn heating pads above
the lowest setting to combat hypothermia. Use of a heating
pad when animals are inactive or immobile (usually seen
associated with hypothermia) can lead to shock from heating
the ventrum with concomitant shunting of blood to the ventral
surface. Urine scalding or burning can also result if high
heat is used. If an animal is lethargic or comatose, use of
an isolette is dictated.

Our main rearing room after animals emerge from the
nursery is maintained at 78-80° F. Lower temperatures led to
frequent bouts with upper respiratory infections in M.
nemestrina although M. mulatta and M. fascicularis seemed
unaffected. Raising the temperature alleviated the problem
in the pigtailed monkeys.

Feeding Technigques
Infants are normally fed from a small 2-o0z. bottle

(Borden Small Animal Nurser) commonly supplied in pet supply
houses from birth until training to self-feed. A 22 gauge
syringe needle-sized hole in the nipple is used for normal
birthweight animals and a 24-27 gauge hole 1is wused for
premature and/or low-birth-weight infants.

Neonates less than 150 days gestation (mean gestation
for M. nemestrina is approximately 170 days; SD=7) are at
extreme risk for aspiration pneumonia due to uncoordinated
sucking and swallowing. A 3.5-5.0 French infant-feeding tube
inserted nasally or orally is used for these infants. The
residual fluid in the stomach is withdrawn and measured with
a syringe and replaced. 1Initial feeding of 3-5 ml. of 10%
dextrose solution, increased by 1-2 ml. increments as
tolerated (indicated by residual fluid) are fed every 2
hours. After 1-2 days, dextrose-formula (up to 50:50
solution) is offered. Bottle feeding 1is initiated by
offering a bottle of 10% dextrose (3-5 ml.) at 5-10 days. 1If
no problems are observed, formula concentration and amount is
gradually increased.

Most infants can be trained to self-feed by 7-14 days of
age. An inclined ramp or "surrogate" leading to the food
source assists in training due to the fact that the infant's
ventrum is securely positioned and the body is supported.
The feeding reservoir used in our facility is shown in Figure
1. It has several advantages that an inverted bottle does
not have. The large surface area reduces the change in
intensity of sucking that must be employed to draw up a
feeding tube. When the animal stops sucking, remaining
formula flows back into the reservoir, rather than dripping

~21-







are at extreme risk if left with their mothers. At the IPRL
infants born in the 1lowest 10% of the population are
routinely removed from their mothers and nursery reared.
While in excess of 90% of these infants die if 1left with
their mothers, approximately 85% survive when nursery reared
(Ruppenthal, 1979).

Figure 3 depicts average weight gain for the first 30
days of 1life for male pigtailed and rhesus neonates and
includes average Kcal intakes. Figure 4 shows the same
information for females of the two species. As can be seen,
pigtailed neonates consume far fewer calories than do rhesus
during the first several days -of life. This is due to the
fact that feedings in our facility are restricted while the
rhesus neonates are fed ad libitum at each bottle feeding.

Pigtailed infants reared under this regimen do not
regain birth weight until approximately one week while rhesus
infants; calorie consumption increases almost linearly, due
to the fact the staff is available to feed 24 hours per day,
the rhesus intakes decline at day 7, and especially at day
13, when the nighttime feedings are eliminated. Even though
the pigtailed infants are fed significantly less during the
first two weeks, males catch up to rhesus males in weight by
14 days of age and females catch up by 30 days of age.
Restricting intakes during this time period reduces the
incidence of diarrhea for all weight classes (Zimmerman,
1969) and significantly reduces mortality and morbidity in
infants born in the 1lowest 10% of the birthweight
distribution due to fewer problems from vomiting and
aspiration pneumonia.

If infants are fed on an interrupted schedule (many
facilities do not feed from 8-10 pm until 8 am) infants often
gorge themselves during the first feeding in the morning.
When faced with this schedule it is strongly recommended that
the initial feeding be interrupted frequently by formula
removal to allow the infant to reacclimate without
overeating. Gradual feeding (by allowing only small amounts
to be consumed over the first several minutes) greatly
reduces the incidence of vomiting and gastrointestinal
problems.

Early feeding of greater amounts of calories evidently
has no lasting impact on weight gain later in life. Figures
5 and 6 show weight gains over the first four months of life
(until weaning) for male and female rhesus vs. pigtailed
monkeys. If anything, pigtailed males achieve heavier
weights than do rhesus males. Furthermore, animals born
lighter in birthweight do not show "catchup" during this time
period.

Weight Gain and Intake During the First Month for M.
Nemestrina

Prior to 1978, animals in our facility were fed ad
libitum formula from the first day of self feeding until
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by rearing protocol. It should be pointed out that, although
the animals had access to solid food (commercial monkey
biscuits) from 2-3 weeks of age, they do not begin to consume
it until weeks 11-12 for most animals. The chow is simply
placed in their cages to acclimate them to its presence.
Prior experience demonstrated that delaying introduction to
solids until weaning caused considerable fear reactions and
make it far more difficult for the animals to accept it. The
only other food available to the animals prior to weaning was
apple bits (used in learning assessments) and 1/4 piece of
orange or apple offered from three weeks of age every other
day. All animals readily ate this addition and, of course,
gained some caloric value from it. Thus, caloric values
represented in the figures are quite close, but not exact.
After 11-12 weeks of age, the consumption of solid food
reduces the animals' caloric needs from formula so a gradual
"flattening" of the intake curve is observed. The reduction
in caloric values observed during weeks 13-14 is due to
weaning protocols. It has been our experience that animals
accept weaning more readily if a gradual procedure is
followed rather than simply changing abruptly to water at any
given age. Our weaning procedure begins at 91 days of age
and proceeds as follows:
Days 91-98 60% formula available 4 on - 4 off.
98-112 40% formula available 4 on - 4 off.
112-114 40% apple Jjuice available ad 1ib.
Intake recorded every 8 hours.
114-119 20% apple Jjuice available ad 1ib.
Intake recorded every 8 hours.
119-126 100% water ad 1lib. Intake recorded
every 8 hours.

Recording of intake throughout weaning insures being
able to follow the individual's progress through the
procedure. If an animal balks at any step, it is simply
regressed to the previous step and the weaning procedure is
prolonged.

As can be seen in Figures 8 and 9, intake of formula is
dramatically reduced beginning with the onset of the 4 on - 4
off schedule and stays significantly lower throughout onset
of weaning.

Paper received May, 1985
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should be weighed at least once or twice daily at the
same time each day. Later this may be done weekly or
even monthly. Vital signs should be monitored daily in
addition to information about stool and urine frequency,
quantity, and character. Formula type and instructions
for preparation; feeding, frequency, bottle and nipple
type, actual 24 hour formula intake, and amount of
formula offered; addition of solid foods; behavior or
housing information; and notations of any changes should
also be noted. (12) Without keeping track of these items,
neonatology in exotic animals will not progress, and many
mistakes will be repeated.

LR
.

Milk Composition and Feeding Techniques
The formula fed to the neonatal animal should provide

a complete and balanced diet adequate for growth and
development. Sometimes there is little or no information
available to help determine what formula should be fed.
It can be helpful to look at the basic lifestyle of the
animal and the major milk types. The first category
includes animals that raise their young 1in pouches
(marsupials), dams that are continuously available for
nursing during hibernaticn (ursidae), young that are:
continuously carried (most primates), and dams that are
always available for nursing (equidae and some
artiodactyls). (17) Milk is low in fat and relatively
dilute. Opossum milk has 4.7% fat, 4.0% protein, 4.5%
carbohydrate, and 0.77% ash.(2) Chimpanzee milk has 3.7%
fat, 1.2% protein, 7.0% carbohydrate, and 0.21% ash. (2)

. The second category includes animals that house their
immature young in burrows (many carnivores and rodents),
and dams that leave their young and return to them
periodically to feed them (cervidae and some
artiodactyls). (17) Milk is concentrated with a high fat
content. Grant's gazelle milk has 19.5% fat, 10.4%
protein, 2.8% carbohydrate, and 1.5% ash. (2) Puma milk
contains 18.6% fat, 12% protein, 3.9% carbohydrate, and
1.0% ash. (2)

-The third category includes those animals which live
in a cold, wet environment (pinnipedia and cetacea).(17)
This milk is very concentrated with an extremely high fat
content. California sea lion milk contains 36.5% fat,
13% protein, O%carbohydrate, and 0.64% ash. (2) Caution
should be taken when basing formula compositions on milk
analyses. Milk composition changes over the course of
the lactation cycle. A sample taken at the beginning of
lactation may be quite different than a sample taken in
mid-lactation or at the end of 1lactation. Sampling
number is also important. There is much more room for
error with small sampling numbers or volumes. Using milk
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is not always practical or possible, so feeding schedules
can be adjusted as long as the neonate eats enough to
gain weight and grow without gastric overload or upset.
Some small, weak nheonates must be fed every one to two
hours around the clock to thrive, and they take much
patience to feed. Often these animals will fall asleep
while nursing and must be awakened to finish the
feeding. Sometimes stimulation of the 1lips, face, and
tongue with a finger, ice cube, or vibrator will
encourage hursing. Most hoofstock should be fed 10-15%
of their body weight each day.(12) Primates are
generally fed 10-30% of their body weight daily although
there are exceptions. Lemurs have been known to consume
nearly 100% of their body weight/day in formula at peak
growth periods. (14) Great apes and human infants
generally take 10-15% of their body weight/day, and
carnivores are usually offered 20-40% of their body
weight daily.(1,11,12) The 24 hour intake 1is then
divided by the number of feedings daily to determine what
is offered at each feeding. The gastric capacity of most
mammals is about 50ml/kg, but problems can occur if the
stomach is filled to capacity. Vomiting may be seen with
gastric overload and improper or inadequate burping.
Vomiting caused by improper burping is usually seen just
after feeding, while vomiting due to gastric overload
usually occurs up to several hours after feeding.

Try to pick a nipple similar to the teat of the dam.
Premature and standard human nipples, small doll or pet
nipples, intravenous catheters, eyedroppers, goat
nipples, and calf nipples may be used. Customized
nipples may be made using latex in those cases where
specialized nipples are necessary. Make sure the holes
in the nipple suit the sucking reflex of the animal.
Too much formula can cause an aspiration pneumonia, and
animals with a weak sucking reflex will become
discouraged if they have to work too hard to obtain
formula. Neonates are obligate nose breathers. (1) They
cannot breathe through their mouths and nurse at the same
time. Respiratory infections cause a great deal of
trouble because they not only interfere with breathing
but they also make nursing difficult or impossible.
Nasal suctioning and decongestants may help alleviate the
problem. Gavage feeding may be necessary if the animal
cannot breathe well enough to nurse.

Patience 1is vital when teaching a neonatal .exotic
animal to nurse. Most animals will nurse if placed in
their normal nursing positions. Primates should be held
like human infants, and carnivores should be in ventral
recumbency with the head elevated. Often they prefer to
push against something with their front feet. Hoofstock
usually prefer to feed while standing with the head
elevated although some will nurse while 1lying down.
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weight 1loss or failure to gain; and abnormal
behavior. (12) This must be differentiated from things
like gastrointestinal or generalized infection,
gastrointestinal emergencies, parasitism, and failure of
other organ systems. A thorough physical examination is

vital. It is important to determine the cause of the
illness rapidly so correct therapy may be begun since
most neonates have limited reserves. Changes in the

white cell numbers and types can indicate fungal or
bacterial infections in combination with fecal,
pharyngeal, and blood cultures. A direct examination of
the feces for parasites, white cells, blood, and large
numbers of specific bacteria or yeast can also be
diagnostic. Auscultation and radiology of the abdomen
with or without contrast media may be useful. If none of
these items is diagnostic and there has been a recent
formula change, then formula intolerance should be
considered. (12)

Fortunately, much of the symptomatic treatment for
gastrointestinal 1illness is similar regardless of the
cause. The animal should be treated for diarrhea,
vomiting, dehydration, and shock if they are present.
Other signs should be treated as well. Sepsis should
always be considered secondarily. Many neonates are
prime candidates for infection because of the insult to
their gastrointestinal tract and their potential
immunodeficient status. Some neonates will be
immunodeficient if they have not received maternal
colostrum. (10) Mild diarrhea may not require cessation
of oral fluids, although it may be helpful to switch to a
balanced electrolyte solution for 12 to 24 hours.
Several over the counter products are available for human
consumption which will work for neonatal animals. When
the animal has severe diarrhea or vomiting, it may be
necessary to give nothing orally and support the animal
with parenteral fluids. These may be given
intravenously or if this is not feasible, fluids may be
given subcutaneously. Administration of fluids by clysis
is not adequate in severely dehydrated animals, however
it works well in neonates requiring moderate short term
fluid support. If the neonate is hypothermic, oral
fluids should be withheld until body temperature
approaches normal. Gastrointestinal function is altered
in hypothermia, and gastroenteritis and bloat may result.
When body temperatures are subnormal, peripheral
circulation is also affected. Fluids given by clysis may
not be readily absorbed. Intravenous fluid support is
best in hypothermia or shock. (12)
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four times the adult basal rate.(16) Milk energy intake
at peak lactation is similar for most species at 200-250
Kcal/kg body weight raised to the 0.83 power.(16) Human
neonates require 115-135 Kcal/kg body weight/day. (1) A
500-1000 g neonate requires an average of 250 Kcal/kg
body weight/day. A neonate weighing between 1-10 kg
needs an average of 150 Kcal /kg body weight/day.(12)
Many factors can influence energy requirements. For each
degree Fahrenheit above the normal rectal temperature,
add 8% of the maintenance energy requirements. Add up to
308 of the maintenance needs for increased activity
levels. In man, multiple fractures use 110-130% of
normal metabolic expenditures, peritonitis requires 125-
145%, and burns/septicemia need 140-200+%.(5,13)

Protein requirements must be considered in tandem with
energy heeds. If adequate energy sources are not
provided, the protein will be broken down to provide
energy. Clinical studies in man have demonstrated that
nitrogen balance is achieved when the calories to
nitrogen ratio is between 175-200 Kcal to 1 g
nitrogen. (6) Puppies and kittens require an estimated
50-100 Kcal to 1 g nitrogen.(4) Human neonates require
higher levels than adults for both essential amino acids
and total protein/kg body weight and a neonate requires
2.5-4.0 g protein/kg body weight each day.(6) Neonatal
ruminants are functionally monogastric so their protein
and caloric needs resemble other monogastric animals more
closely than functioning herbivores.

Short term fluid therapy can be 1life saving in
neonatal animals. Commercially available intravenous or
oral fluids work well in neonates and should be used
vigorously whenever fluid support is indicated. Often
fluid therapy is only required for several days.
Neonatal ruminants are especially prone to hypoglycemia
particularly when they have not nursed, are not yet
readily accepting bottle feeding, and may have suffered
a hypothermic insult as well. These animals may require
intravenous glucose support for up to a week. Laboratory
reagent strips can provide immediate information about
the glucose status of the neonate and use only a drop of
blood. It is not unusual to have blood glucose readings
as low as 0-25 mg/dl. Clinical signs include lethargy,
inability to stand, incoordination, depression, and
rarely, convulsions. (12) Animals may need slow
intravenous infusions of up to 15-20% glucose to maintain
adequate blood glucose 1levels. Hypertonic solutions
should only be given through a large bore vein to avoid
tissue damage to the vessel walls. Glucose therapy
should be withdrawn slowly to prevent an insulin rebound
and subsequent return of the hypoglycemia. As oral
intake increases, parenteral therapy can be withdrawn.
Often administration of glucose and normal support care
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inserting or handling catheters, IV tubing, or the TPH
solutions. Sepsis is the major complication of TPH. (6)

PSYCHOLOGICAL EFFECTS OF HAND REARING
Exotic animals appear to be more susceptible to

stress-related problems than their domestic counterparts.
Precocial neonates, especially hoofstock removed from
their dams after the first 24 hours of 1life, are
particularly vulnerable. (12) They are easily agitated
and show fight or flight reactions. Dimming or darkening
the environment and providing visual barriers may be
helpful. Caretakers should speak to the animals and
move slowly and quietly. A radio may help acclimate
animals to noises it will have to face as it grows older.
If the animal appears healthy, delaying examinations and
routine therapy can speed the onset of nursing and
prevent injury.

Delayed physical or mental development, failure to
thrive, and over-reaction to a new environment are signs

of maladjustment. Stereotypic behaviors include self
mutilation, pacing, rocking, head pressing, hair
plucking, and excessive sucking on themselves or

others. (12) It is difficult to avoid these problems in
exotic neonatal animals that must be hand-raised,
especially if the animals are solitary and isolated.
Sibling contact allows the neonate to interact with other
animals. Contact with siblings of the same species is

desirable but not always possible. Contact with a
similar species or a domestic counterpart is helpful.
Apes of similar size can be housed together. Young

sheep, goats, cattle, dogs, cats, and in some cases
tolerant adults can be used. Occasionally neonates can
be raised by surrogate dams. With birds, puppets may be
used to hand feed baby birds and can act as imprinting
models. When no other animal contact is possible, it is
important to provide human contact. Some of the more
delicate langur species have a better survival rate if
they are carried for most of the day rather than placing
them in an isolette or crib.

Good housing and environmental enrichment can also
reduce maladjustment problems. As soon as possible,
animals should be housed 1in areas similar to the
environment they will encounter as adults. There should
be room for physical development and play. Ingenuity
should be used to devise play structures and toys.
Feeding opportunities and use of foods should not be
overlooked as a means of psychological stimulation. In
addition, artificial surrogate mothers are helpful for
those neonates that are carried by their dams. Rolled up
towels, paint rollers, pieces of carpet, fake fur, and
stuffed toys allow the neonate to cling. A pouch made
from a pillow case works well for marsupials. They can
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How Terms in the NIRs System are Defined

Crude Protein (CP) is a mixture of true protein and
nonprotein nitrogen. CP indicates the capacity of the feed
to meet an animal's protein needs, although it is of 1little
value in predicting energy available to animals. Generally,
high CP is desirable. Forage cut early or with a high
proportion of legume has a high CP content. In legumes,
protein availability usually increases as the amount of CP
increases. CP has 1little value in predicting energy
availability.

Dry Matter (DM) is the percentage of the feed that is
not water. DM equals 100 percent on a DM basis. Therefore,
a sample of haulage -- low moisture silage -- containing 55
percent DM is 45 percent water. If the same sample contains
20 percent CP on a 100 percent DM basis, the sample has 20
percent of 55 percent, or 11 percent CP on an "as is" basis.

Neutral detergent fiber (NDF) is the percentage of cell
wall material or plant structure in a feed. This constituent
is insoluble in neutral detergent and is only partially
available to animals. The lower the NDF percentage, the more
an animal will eat. NDF includes acid detergent fiber and is
inversely related to intake. Thus, a low percentage of NDF
is desirable.

Acid detergent fiber (ADF) is the percentage of highly
indigestible plant material in a feed or forage (Table 1).
This constituent is insoluble in acid detergent. ADF differs
from crude fiber in that ADF contains silica. Silica and
lignin 1in plants are associated with 1low in_ vivo
digestibility. The lower the ADF, the more feed an animal
can digest. Thus, a low ADF percentage is desirable.

Digestible dry matter (DDM) is an estimate of the
percentage of the feed or forage that is digestible, based on
feeding trials with animals and is determined from ADF
concentration.

Dry matter intake (DMI) is an estimate of the relative
amount of forage an animal will eat. It is based on the
feeding trials with animals and is determined from ADF
concentration. DMI is expressed as gms/WkgQ-75,

Digestible dry matter intake (DDMI) is an estimate of
how much DDM an animal will consume. DDMI also estimated
digestible energy intake (DEI). DDMI is calculated by the
equation DDM x DMI/100. This value 1is used to calculate
relative feed value from an assumed base.

Relative feed value (RFV) compares one forage to another

according to the relationship DDM x DMI divided by a
constant.
We have used 65.2, based on alfalfa between three fourths and
full bloom, as the constant in table 4. The difference
between high quality and low quality as shown by RFV is used
to evaluate a forage.

Calcium (Ca), phosphorous (P), and potassium (K) are
expressed as a percentage of each nutrient in the feed. cCa
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equals 30 grams for a 636 kg (1,400 1lb) cow, an 8.4 1lb per
day increase in intake (equation E, Table 4) with prime
alfalfa. Simply put, each 3.5 gms/Wkg9:-75 change represents
one pound per day change in intake for cattle and horses. A
different equation is use for sheep and goats (Table 4).

Ration balancing uses CP, ADF, NDF, Ca and P as direct
inputs for cattle, sheep and horses. Farmers can use these
values to estimate digestibility and intake for each forage
lot tested. The concentrations of ADF and NDF in forage
specify, respectively, the minimum and maximum forage
proportion to use in total mixed rations (TMR) in table 5.

Hay dealers report that they purchase much of their hay
one day and sell it the next. Time doesn't permit obtaining
a laboratory analysis for forage quality. Therefore, hay
that is sold isn't evaluated properly unless the producer
does it. NIRs analyses provided information to give a rapid,
precise evaluation of hay and haulage. The mobile NIRs van
permits on-site testing at hay auctions where dairy and
livestock producers can obtain a reasonable estimate of how
their animals will perform on each hay lot.

Summary
Alfalfa and other forage legumes set the pace in forage
quality. NIRs based on new forage analyses provides a

precise, rapid, easy and inexpensive method for forage
quality analyses. NIRs, properly used and understood, can
help in market hay grades, equation development, ration
balancing and hay marketing.
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Table 2. Market Hay Grades for legumes, legume-grass mixtures,
and grasses - AFGC Hay Marketing Task force?
"A continuum from legume pre bloom to grass headed
and/or heavily weathered forage"

Grade DescriptionP DDM DMIC DDMI RFV
% gm/Wkg?-75 %
CP ADF NDF
% % %
Prime Leg.-Pre.Bl >19 <30 <39 >65.5 >143 >93.5 >143
1 Leg.-EB1l., 17-19 31-35 40-46 62-65 134-143 82-93 126-143
20% grass-V.
2 Leg.-MBl., 14-16 36-40 47-53 58-61 128-133 74-81 113-126

30% Grass-EH

3 Leg.-FB1 40% 11-13 40-42 53-60 56-57 113-127 64-739 97-1134
grass-head

4 Leg.FB1 50% 8-10 43-45 61-65 53-55 106-112 55-63 86-97
grass~head

Fair Grass-Head, <8 >46 >65 <53 <105 <55 <86
and/or
Rain Damaged

6 Sample

dpescription and DDM adopted by Nat. Alfalfa Hay Quality Committee

Pre bloom, EBl=Early bloom, MBl1=Mid bloom, FB1=Mid to full bloonm,
V=Vegetative, EH=Early Head

CDMI for sheep and goats = >82,76-81, 72-75, 63-71, 52-62, and <56
for grades Prime through Fair, respectively.

dreference hay mid to full bloom alfalfa (Lema and Kawas and
Jorgenson) DDM-54.2, DMI=120.2 gms/wko'75







Table 4. Equations used in determining digestibility, intake,
energy, and Relative feed values.

Crop Equation

A. Legumes, Legume-grass mixtures and grass

DDM
DMI

88.9 - 0.779 ADF%
96.4-.0003 CP%-.0482 NDF%-.0085 NDF%

(I}

B. Corn Silage
DDM 429.6 + 12,087 ADF% - 133.4252 ADF%
DMI =722.1 - 18.6 NDF% + 240.6383 NDF$%

I

C. DE Mcal/kg = 0.0027 + 0.0428 DDM%
D. RFV = (DDM x DMI)/65.2

E. Determine relative value

Cattle/Horses: Difference gm/Wkg°'75 X kg animal wt
454 gm/1lb = lbs/dag difference intake?
7 1.75 x kg animal wt

Sheep/goats: Difference gm/Wkgo'

R%2% R sD
77 .88 2.26
79 .89 6.22
83 .91 -
85 .92 -

454 gm/1b = l1lbs/day difference intake

AEach 3.5 gm/Wkg9:75 = one pound pér day change in intake.






PROTEIN IN Z0OO ANIMAL DIETS

Mary E. Allen, Ph.D.
Allen and Baer Associates, Inc.
14159 Castle Blvd. Suite 102
Silver Spring, Maryland 20904

INTRODUCTION

Proteins are essential components of animal tissues
and are found in high concentrations in muscle, bone,
eggs, hooves, hair, antlers and horn. Proteins are
synthesized by all animal cells and serve many different
functions. Hormones, enzymes, antibodies and catalysts
are proteins. Collagen in connective tissue, elastin in
arteries, keratin in hair, hemoglobin in blood and
myosin in muscle are all specific proteins vital to the
structure and function of tissues. Proteins are also
present bound to carbohydrates and fats, forming specif-
ic compounds that have essential functions.

Reference is often made to an animal’s dietary
protein requirement, but at the tissue level, specific
amino acids, not specific proteins, are required. A
protein consists of amino acids that are linked together
in specific sequences to form a characteristic protein.
All amino acids contain nitrogen, carbon, hydrogen and
oxygen. Cystine, methionine and taurine also contain
sulfur. When protein in food is ingested, the body uses
these constituent parts of the protein, the amino acids,
to manufacture the specific proteins essential to cell
function. All of the protein we eat is first broken up
in the gut by digestive enzymes so that individual amino
acids, and paired amino acids (dipeptides) can be ab-
sorbed by the mucosal cells. The amino acids enter the
circulation and travel to target tissues where they are

used by cells to synthesize proteins. In adult mammals,
proteins typically cannot be absorbed intact as entire
molecules. In some suckling animals, immunoglobulins

found in colostrum are absorbed through the intestinal
wall during the first few hours of life. This phenome-
non is short-lived however, but apparently serves an
important function in conferring passive immunity to
young whose immune systems are not fully functional.

There are approximately 22 amino acids present in
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is limiting. Canids and more omnivorous carnivores seem
to have more flexible biochemical responses which may
relate to their need to subsist at various times on
plant materials rather than animals.

The cat is especially sensitive to a deficiency of

the amino acid, arginine. Arginine synthesis occurs in
the cat, but at a much lower rate than in most other
mammals. In the wild, felids obtain large amounts of

protein and amino acids from vertebrate prey, so there
is little disadvantage to higher requirements for such
an obligate carnivore.

Cats are also unique in that they require relative-
ly high levels of the sulfur-containing amino acids,
cystine and methionine. This is apparently related to
their need for taurine. Taurine is a non-essential
amino acid for most other species that have been stud-
ied. It appears that cats cannot synthesize enough
taurine from cystine and methionine to satisfy their
requirements. Although a precise dietary requirement
has not yet been established, it is recommended that
taurine levels in the diet be 400 mg/kg of diet for the
kitten and 500 mg/kg of diet to support reproduction.
Taurine deficiency in the cat causes feline central
retinal degeneration (FCRD) which is characterized by
retinal lesions, reduced visual acuity and loss of
vision (National Research Council, 1986). It has also
been reported recently that taurine will prevent acute
cardiomyopathy in the cat (Pion et al., 1987). In a
group of leopard cats (Felis bengalensis), signs of
taurine deficiency occurred even though the canned diet
fed contained three times the recommended level (Howard,
et al., 1987). Degenerative changes in the retina were
noted and plasma taurine levels were extremely low.

Cats were subsequently fed a commercial, frozen feline
diet and plasma taurine levels increased significantly.
The reasons for development of taurine deficiency signs,
in spite of high dietary levels are unclear. It is
suspected that there may be nutrient interactions pecul-
iar to the canned diet that render taurine either poorly
available or hasten its excretion.

The reasons that we feed cats high protein diets
should be clear. Yet diets similar in protein content
are often fed to zoo canids. Some commercially avail-
able dog foods contain 50% protein (dry matter basis)
(M. Allen, unpublished data) which is far in excess of
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Another important function that the rumen microbes
perform is the synthesis of amino acids for the host
animal. Enzymes produced by these bacteria degrade
ingested proteins into their constituent amino acids.
These amino acids can be used directly by bacteria or be
broken down further, releasing ammonia. The ammonia can
then be used by the bacteria for amino acid synthesis.
The amino acids and protein synthesized by rumen mi-
crobes become available to the ruminant. When we feed a
ruminant, we are really feeding the bacteria in the
rumen, which in turn are food for the host animal.
Microbial protein synthesis, and degradation of plant
fiber, are also important to such ruminant-like species
as leaf-eating primates, camels and macropod marsupials.

One of the reasons to recommend slow diet change in
ruminant animals is that the rumen houses millions of
microbes. The types and numbers of microbes that occur
in the rumen differ with changes in types of feeds fed
(VanSoest, 1982; Hungate, 1966). Sudden dietary change
may cause the rumen environment to change rapidly (e.g.
change in pH), resulting in the death of many bacteria
and an overall disruption of this "ecosystem”. When new
feeds are introduced slowly, there is less chance of a
digestive disturbance. Shifts in microbial populations
will occur, although at a slower rate.

Non-protein nitrogen sources are typically added to
the rations of many domestic ruminants, since microbes
can use nitrogen for amino acid synthesis. This prac-
tice helps reduce feed costs since non-protein nitrogen
is less expensive than intact protein. Ruminants have
specific amino acid requirements but these can be met by
the amino acids contained in, and produced by, the

microbes. The use of urea and other sources of non-
protein nitrogen is not recommended in diets for zoo
ruminants. These compounds can be toxic if amounts fed

are not carefully controlled. Animals must be gradually
acclimated to the addition of urea.

In general, ruminants do not have lower protein
requirements than do animals with hindgut fermentation
systems, but they can effectively use non-protein nitro-
gen to help meet their needs for protein and amino acids
(National Research Council, 1984; 1985; 1989). Amino
acid production also occurs in the hindguts (ceca and
large intestines) of herbivores such as the horse,
rabbit and some rodents due to the action of microbes.
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observed that the wild fruits were very variable in
protein content, with some fruits as high as 10 and 14%
protein (DMB). Other plant parts consumed {(shoots and
leaves) were as high as 16 and 32% crude protein (DMB).
In general, the preferred foods of the western gorillas
had less lignin and more protein. In this light, it is
interesting to examine the protein content of some of
the produce items commonly offered to zoo primates
(Table 1). Leafy vegetables contain two to six times
the protein content of fruits. Root vegetables also
contain more protein than fruits. These differences
should be taken account when planning diets for zoo
primates, especially animals that have increased dietary
demands due to lactation and growth.
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MARSUPIAL HERBIVORES AND FORAGE SUITABILITY

Ellen S. Dierenfeld
New York Zoological Park
185th Street & Southern Blvd.
Bronx, NY 10460

INTRODUCTION

Like placental mammals, members of the order Marsupialia
display a wide variety of feeding habits ranging from
specialized carnivory to specialized herbivory. Although the
processes of nutrient digestion, absorption and microbial
fermentation are comparable between the two groups, unique
behavioral, anatomical and physiological specializations of
marsupials set them quite apart from placental mammals.
These differences, as with all species, must be recognized in
order to develop captive feeding regimes which satisfy known
or estimated nutrient requirements.

This paper attempts to illustrate the diversity of
digestive "strategies" among marsupial herbivores by citing
specific examples including the koala, the wombat, and large
and small macropod species. Additionally, physio-chemical
characteristics of primary forages consumed by these species
are discussed.

The ultimate goal of a captive feeding program is to
meet known nutrient requirements through available feedstuffs
at the lowest possible cost. Since natural feedstuffs are
often not available, at least 3 factors must be integrated in
order to estimate the most appropriate forage substitute:

1) nutrient requirements of the herbivore

2) nutrients supplied by the given forage, and

3) the processes utilized in assimilating those
nutrients.

BASIC PHYSIOIOGY

A primary difference between marsupial and eutherian
mammals is a lower basal metabolic rate (BMR) in marsupials
(Nicol, 1978), with the marsupial mean approximately 70% that
of eutherians of similar body mass. Complicating that
generalized statement is the fact that preferred habit and/or
diet appear closely correlated with BMR in both marsupials
and placentals. The preponderance of desert-dwelling
marsupial species among those most extensive studied may, in
fact, influence this generalization because mammals
inhabiting arid areas are known to display lower BMRs than
more mesic-zone counterparts. The relationship between
climate and BMR, however, remains to be firmly established.

Nonetheless, it appears that marsupials in general have
lower BMRs, maintenance energy and nitrogen requirements, and
lower rates of water turnover than placentals of similar body
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various studies.

Cell wall constituents comprise no more than 40% of
total dry matter for Eucalyptus forage. Thus, by chemical
analysis, Eucalyptus is not a particularly fibrous feed.

However, 35 - 45% of the total cell wall fraction (NDF)
analyzes as lignin -- an indigestible feed fraction (Van
Soest, 1982). Thus, only 55-65% of the cell wall is

potentially available to supply energy to the koala via
microbial fermentation, or approximately 26% of the total dry
matter of Eucalyptus forage.

Cell contents, on the other hand, comprise 50 - 80% of
Eucalyptus foliage, with crude protein a minor proportion of
total dry matter (< 10%). Thus the major component of
Eucalyptus foliage is the soluble organic fraction including
lipids, soluble sugars and phenolics.

Fermentable phenolics and essential oils require
extended time for microflora adaptation and action (Van
Soest, 1982) thus, the extended and selective retention of
solutes in the koala cecum may be the mechanism by which this
species utilizes its specialized diet. In support of this,
Cork (1981) found that phenolics, lipids and soluble sugars
contributed 10 - 20% of total digestible energy.

This understanding of digestive physiology and anatomy
in the koala is valuable in developing a captive feeding
regime. Perhaps more important, however, are behavioral
considerations. Thus far, no suitable substitute . for
eucalyptus foliage has been identified, and likely will not
be until we understand the basis for feed selection in this

species.
In this regard, components of the cell contents should
be more closely examined. The koala produces specialized

cecatrophs (fecal pellets originating from cecal contents)
which are consumed by the offspring only at weaning.
Although it has been suggested that gut inoculation is the
major function of such cecatrophy (McBee, 1971), another
possibility is that behaviorally, the young are being
imprinted with sensual (odor and/or taste) cues important for
later diet selection.

WOMBAT
The wombat is an example of a colonic fermenter. There
are two species of wombat in Australia -- the common wombat

(Vombatis ursinus) and the hairy-nosed wombat (Lasiorhinus
latifrons). Common wombats inhabit moist, forested regions
of eastern Australia and Tasmania whereas the hairy-nosed
wombat is found with limited distribution in arid and semi-
arid zones. Wombats are the largest burrowing mammals -- up
to 35 kg in weight. Very few are exhibited in zoos outside
of Australia, with Brookfield and Toronto the only North
American exhibitors.

Wombats have a dental structure that is unique among the
marsupials, possessing a single pair of upper and lower
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not require and cannot economically utilize these more
rapidly fermenting substrates.

Fresh grasses are particularly relished. Free-ranging
wombats graze closely in a circular pattern surrounding the
warren system, consuming succulent daily growth from which
they obtain water and other nutrients. Thus grass forages,
although possessing the lowest nitrogen and highest cell wall
contents of typical zoo feedstuffs, supply adequate nutrients
to the wombat, an animal adapted to low quality and, more
frequently, low quantity, feed supplies.

FOREGUT FERMENTATION

Aspects of the digestive phy51ology of marsupials with
foregut specializations have been studied more extensively
than hindgut fermenters (see Hume, 1982). The digestive
process in these marsupials has often been compared to
rumination; however, a number of significant differences are
apparent.

First, marsupial herbivores don't ruminate, or chew cud.
Regurgitation of food boluses and periodic jaw movements have
been observed in macropod marsupials (both captive and wild
feeding situations), but the irregular process has been
termed merycism in these animals. Marsupials appear to
initially masticate their feed to a finer particle size than
ruminants of similar body mass. The function of merycism,
then, may be increased saliva flow to aid in stomach
buffering and/or microbial substrate delivery, but is
presently not clear.

A second major difference between marsupial foregut
fermenters and grazing ruminants of similar body mass is the
retention of digesta in the stomach. Digesta remains in the
stomach longer than any other gut part in both these groups
of herbivores, but overall retention time is 1longer in
ruminants. Thus the extent of digestion of the same feed by
marsupials is generally slightly less than ruminants.

Finally, anatomically, the stomachs of macropod
marsupials and ruminants are very different. Marsupials
possess no omasal orifice through which ingesta of a maximal
particle size may pass. This fact alone frees marsupials
from feed quality intake restrictions common within
ruminants. Interrelationships among these three factors are
currently being assessed in a variety of both ruminant and
marsupial studies.

The diversity of stomach anatomy within ruminants has
been illustrated in an excellent monograph by Hofmann (1973),
who classified numerous East African ruminants as concentrate
selectors, intermediate feeders, or bulk and roughage eaters
based upon rumen papillation and omasal structure factors.
Sanson (1978) similarly separated marsupial foregut
fermenters into grazing, browsing and intermediate grade
feeders (Table 1); however, his classification system was
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leafy forages and even hydroponics are highly preferred;
pelleted feeds should contain high quality nitrogen sources
of at least 12-15% crude protein. Large macropods, as a
group, can be adequately maintained on high fiber diets, but
at least the red kangaroo requires a higher nitrogen feed
than ruminants. Non-ruminant herbivore pellets should supply
these nutrients adequately.

The MRT of particulate matter is between 30-50 hours for
both M. giganteus and M. rufus (Hume, 1982). Solutes appear
to travel along the gastric sulcus on the inner curvature of
the stomach, as determined by radiographic studies (Dellow,

1979, from Hume, 1982). This separation and differential
retention of digesta occurs only in the stomach.

BROWSERS

Most wallabies and the tree kangaroos are categorized as
browsers (see Table 1). Thylogale thetis, the red-necked
pademelon, represents a browsing macropod species. Johnson
(1977) found them to be highly selective feeders, consuming
soft, low fiber herbs, grasses and succulent shrubs -- never
dry feeds.

The stomach structure of T. thetis (Figure 1 (d))
indicates that the sacciform section 1is the 1largest
subdivision of the stomach, containing >52% of ingesta
(Langer, 1979, from Hume, 1982). This enlarged forestomach
segment may provide a greater surface area for the absorption
of VFA from rapidly fermenting substrates as those consumed
by the pademelon. Passage is rapid, with the MRT of
particulate ingesta 24 hours, and liquids, 11 hours (Hume and
Dellow, 1978).

The nitrogen requirement of T. thetis is 600 mg-
kgBW"So'day'l, more than twice that of other macropod
species except the red kangaroo. It appears that this
species can't cope with seasonally limited feed quality or
gquantity. In captivity, T. thetis should be fed high quality
legume hays, fresh forages including leafy vegetables, and/or
other feeds high in nitrogen with rapid fermentation
characteristics.

Little is known of the natural diets of other browsing
species, with the exception of Wallabja cicolor and Setonix
brachyurus (Hume, 1982). Studies of those species indicate
that the animals consume small gquantities of a variety of
succulent forb and shrub species year-round. Stomach
structure varies somewhat among these species, but the
saccular forestomach is the largest single compartment.
VEGETATION CHARACTERISTICS

The animal 1is only one-half of herbivore nutrition.
Understanding forage characteristics is also essential to
successfully manipulate animal-plant interfaces. Knowledge
of chemical composition is important, but can be incomplete
by itself.

Cellular contents, including (but not 1limited to)
nitrogen, soluble carbohydrates, fats and oils can be assumed
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Figure 1. Digestive tracts of the koala (A), the hairy-nosed wombat (B),
the eastern grey kangaroo (C), and stomach of the red-
necked pademelon (D).
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Rickets was a major medical problem among human infants
as the nineteenth century turned into the twentieth.
Suggestions as diverse as heredity and syphilis were
proposed as causes of this debilitating disease (Norman
1979). Ultimately, it was established that rickets could
result from a lack of sunlight or a deficiency of a fat-

soluble dietary factor. Early in this research it was
noted that "a map of the incidence of rickets (was)...the
practical equivalent of a map ...of deficiency of

sunlight" (Hess 1929), and Huldschinsky (1919) demonstrated
that rickets could be effectively treated by ultraviolet
Trays. At about the same time, Mellanby (1921) produced
rickets in puppies when they were raised indoors on a high-

cereal, low-fat diet. If cod liver oil or butterfat were
added to the diet, rickets were prevented, Mellanby
suggested that the effective factor was vitamin A. This

proved not to be the case, and the distinction between
vitamin A and the antirachitic factor came when McCollum
(1922) showed that vitamin A was destroyed by aerating and
heating cod-liver o0il to 100°C for 14 hours, while the
antirachitic factor survived. He named this factor vitamin
D. .

In succeeding years, the photobiogenesis of vitamin Dj,
cholecalciferol, in cutaneous tissues was described.
Figure 2 represents current understanding of this
phenomenon. Provitamin D3, 7-dehydrocholesterol, in the
malpighigian layer of the epidermis, is converted to
previtamin D3 by UV irradiation in the range of 285-315 nm,
with maximum conversion at 297 (Holick et al. 1982) to 303
nm (Takada et al. 1979). Previtamin D3, in turn, undergoes
thermal isomerization to vitamin D3 at a skin temperature
of 37°c. Vitamin D3 attached to a binding protein is
transported in the blood plasma to the liver where it is
hydroxylated to 25-0OH-Dj. Further hydroxylation to 1,25-
(OH) ,-D3- takes place in the kidney. It is this compound
which appears most active in promoting intestinal calcium
and phosphate absorption and osteoclastic-mediated bone
resorption. Other vitamin D3 metabolites, with differing
biological activities and significance, have been described
by Deluca and Schnoes (1983).

In 1924, Steenbock and Black noted that UV irradiation
of a diet fed to rachitic rats resulted in a cure of
rickets, but the same diet without irradiation had no
effect on the disease. Subsequently, it was discovered
that the provitamin, ergosterol, present in plant tissues
like those in the rat diet, could be converted to vitamin
D,, ergocalciferol, by UV exposure. Still later it was
determined that vitamin D, undergoes hydroxylation in the
liver and kidney of mammals as does vitamin Dj.

Thus it was established that certain vertebrates may
have the option of deriving vitamin D need from exposure of
the skin to the sun or by consuming vitamin D-active
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sources indicate that few provide effective energy levels
within the desired 285-315 nm range. ©On the other hand,
unless screened with cellulose triacetate, the Westinghouse
sunlamp emits radiant energy of sufficient intensity at
wavelengths below 285 to be potentially dangerous (Setlow
1974).

Further research 1is urgently needed to solve these
important problems. Studies are currently underway at the
San Diego Zoo, and it is hoped that sufficient data will
soon be available to provide practical guidelines for
exhibit design.
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digestive system which determines the physical properties of
the diet.

Gastrointestinal Structure and Function

Were we to review the gross anatomical features of the
digestive tract, as presented by Stevens and by van Hoven in
the 1982 Dr. Scholl Conference, we would recall the marked
variation in anatomical features. You may recall the
simplistic nature of the carnivore's tract (Figure 1). Food
derived from animal flesh is high in protein, moisture and
often fat. It 1is readily digested, but also highly
susceptible to putrification.

Quite often the food is consumed in bulk quantities and
within a rather short time span. In these animals acute
gastritis or gastroenteritis are of major concern.

Omnivorous animals occupy a position somewhat between
the strict carnivore and the herbivorous creatures.
omnivorous diets are of a mixed nature, and most often
consumed in a less gluttonous fashion than that of the
carnivore. Likewise the tract is well suited for the diet
providing for the consumption of smaller, more frequent
meals, and for the retention of the somewhat less digestible
constituents (Figure 2), yet too small for the bulky
vegetative diet of the true herbivore. Among these
omnivorous animals colitis is common due principally to the
sluggish movement of contents within the distal segments of
the tract.

Herbivorous animals make up the largest proportion of

our captive mammals. The physical properties of the
vegetative diet (i.e. the bulk) must be accommodated for by a
large, voluminous digestive system. For many of these

animals the accommodation is provided for by a very large
foregut (Figure 3). The slowly degraded diet is retained for
an extended period of time to enhance the digestive process.
Note also that this group of herbivores tends to consume
their diet within two or three rapid bouts of feeding
throughout the daily cycle. For these foregut fermenters,
bloat and acidosis are the principle digestive disorders.
For the other group of herbivorous mammals, the bulky
vegetative diet 1is accommodated--for by either a 1large,
voluminous cecum, or a large, voluminous cecum and colon
(Figure 4). The foregut 1is 1less adapted to volume
consumption, thus these herbivores tend to feed in a less
volatile manner, yet at more frequent intervals. While bloat
or acidosis are not of concern, impaction, torsion and colic
are more prevalent.

Gastrointestinal Disorders

There are but a limited number of studies on disorders
of zoo mammals. Most of these reports deal with specific
mammalian orders or mammalian families. The single
comparative study, although dated, provides for some

-89~






We tend to pay considerable attention to what the animal
eats, have little concern for how the animal acquires food.
Yet it is the prehensile mechanics that define the rate of
ingestion, the size of the food item consumed and the ability
of that animal to select or disregard specific food items.
The more versatile the prehensile tools, that is the teeth,
lips, tongue, fingers, trunk, etc., the greater the selective
capacity of that individual. It is this selective capacity,
the prehensile mechanics, which initiates many digestive
disorders.

Primates have been most generously supplied with
prehensile tools. For these omnivorous creatures the
enhanced ability to select food items sets the opportunity
for digestive disorders of two magnitudes. The first is that
of acute gastroenteritis via the rate of consumption and the
second is malnutrition via restricted consumption. It is
important to recognize that both disordered states are
principally the results of competitive feeding.

Animals reared in colonies develop social structures.
The social rank often defines the feeding position. Such
feeding behavior is not restricted to primates, nor even to
omnivores, but is carried through for most mammalian species.
As a result of social rank, the subordinate individuals are
left with two alternatives: the first is to rush in and
compete for food, the other to hold back and wait their
respective turn. Under the former conditions, the
subordinate individual must consume the food item rapidly if
he is to enhance his intake potential and minimize the direct

encounter with the more dominant individuals. Such
subordinate individuals are under obvious stress. Both
events, the stress of competition and the rapid food intake,
incite gastric disorders. As a result, the observed

incidence of acute digestive disorders correlates well with
the prehensile mechanics of the animal and the willingness of
that animal to compete for food.

Carnivorous mammals are highly competitive.
Furthermore, their prehensile mechanics, although 1less
'selective than that of primates, provides for rapid, bulk
intake. The stress of competition and the abrupt digestive
demands associated with rapid food intake precipitate the
more frequent acute gastritis in the carnivorous species
(Table 1). Most omnivorous mammals, though possessing
greater prehensile advantage, are somewhat restricted in
their rate of intake. They are also less competitive in
feeding habits than carnivores, although some degree of
competition is undoubtedly present. As a result, acute
digestive disorders are less prevalent in omnivores than in
carnivores (Table 1). Subordinate omnivores tend to hold
back more often and delay feeding until the superior, more
dominant individuals have completed their meal. This
behavior provides for a higher incidence of malnutrition and
is again the direct result of prehensile mechanics. Thus,
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the digestive system. There are two important criteria to
consider when discussing the influence of diet on intestinal
flora' and their subsequent effects on digestive disorders.
The first is the stability associated with the monotonous
diet and the second is the changes in metabolism when
existing bacteria are subject to diet alteration.

Reviewing the functional anatomy of the digestive system
one would suspect that due to the comparative simplicity of
the carnivorous gqut, the ability of these animals to
disgorge, and the apparent ease with which diarrhea could
clean the short bowel (Figure 1), that such factors would
warrant a low incidence of inflammation. Such is not the
fact, for on the contrary the carnivorous mammals show the
highest incidence of bacterial and parasitic infection (Table
3). This more prominent disease state in carnivores points
once again to diet as the predisposing cause. Diets of
animal flesh, you recall, are high in protein, and distinctly
putrifiable. Thus they yield both chemical and bacterial
components of potential toxins. Such toxins may be produced
prior to the consumption of the food item, that is, in the
potential freezing and thawing process at the time of animal
slaughter, in transport of the product to the =zoo
environment, in storage of the meat product, and at the time
of feeding. More importantly, the source of these animal
products is highly variable being of fish, poultry or red
meat origin. Variations in source also are evident within
each of these groups (i.e. beef, pork, lamb, horse flesh,
etc). For the carnivore then pathogens can be derived from
toxins produced within the food item prior to feeding and
again from the altered intestinal flora and fauna at the time
of feeding.

TABLE 3. Frequency of Gastrointestinal Disorders in Adult Zoo

Mammals
DISORDERED Carnivora Omnivora Herbivora
STATE _ Primate Rodentia
Bacterial
Infection 7.2% 4.4% 2.0% 2.2%
Parasite
Infection 5.8% 3.6% 2.0% 2.0%
Obstruction 0.2% -——- - 0.8%

From H. Fox, Disease in Captive Wild Mammals and Birds
Obviously the diet of the omnivore is much less

susceptible to spoilage during processing, storage and
feeding. And more than 1likely the source of grain,
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toxins, and quite often with physical obstructions. It is
also interesting to note that we rarely provide the captive
carnivore with a source of fresh vegetation to assist his
needs.

Table 4. Clinical Signs of Stomach Disorders

Disordered

State Carnivora Oomnivora Herbivora
Dietary Toxin Vomiting Vomiting Rare
Metabolic Toxin Rare ¢ Activity 4 Activity
Physical Obstruction 4 Posture A Posture & Posture

Vomiting Activity Activity

Gastric metabolic disorders are rare in carnivores,
while such disorders are expressed in omnivores and
herbivores with inactivity and a truly 1lethargic state.
Physical obstruction within the forequt of omnivores and
herbivores are expressed by inactivity and abnormal body
posture, such as the tucked under or crouched appearance.
Carnivores will show posture changes and vomiting. Gastric
dilation and rupture are not of dietary origin, but are the
result of the emotional state of the animal and are expressed
as physical obstruction, and accompanied by acute abdominal
distention and/or hyperventilation.

The clinical signs of intestinal disorders are also

obvious (Table 5). Because of the ease of vomiting,
carnivorous mammals rarely encounter intestinal disorders
derived from dietary toxins. Such toxins will, however,

produce diarrhea in the omnivores and herbivores. Metabolic
toxins, those derived from within the animal, excite diarrhea
and increase body activities within the animal. Physical
obstruction most often inhibits the passage of feces and
induces pain expressed by the animal by increased activity
and attention to abdominal areas (colic).

Table 5. Clinical Signs of Intestinal Disorders

Disordered
State Carnivora Oomnivora Herbivora
Dietary Toxin Rare Diarrhea Diarrhea
Metabolic Toxin Diarrhea Diarrhea, Diarrhea,
T Activity TActivity
Physical Obstruction T Activity, 1 Activity, TActivity,
Colic Colic Colic
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Procyonidae Canidae

Figure 1. Scaled drawings of the Carni&ora digestive tract,
as represented by members of the family Procyonidae and
Canidae. (From Stevens, 1977 and Clemens & Stevens, 1979).

Suidae

Cercopithecus

Figure 2. Scaled drawings of the Omnivora digestive tract,
as represented by members of the family Suidae and
Circopithecus (from Stevens, 1977 and Clemens, 1980).
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COST FACTORS

What is Fed

What is fed to the animals is the primary factor
affecting the cost of feeding in zoos. Although diet
preparation, purchasing strategy, and methods of food
handling and feeding can significantly influence feeding
costs, these factors are ancillary to what components
comprise the diets. The cost of diet components can vary
greatly depending on region, season and local sources. An
item that is difficult to obtain and expensive for one zoo
may be readily available and inexpensive for another.
Significant savings can often result by taking full advantage
of what a particular locality has to offer.

Donations...Zoos frequently receive offers for food
donations. Unless the donated food (1) can be stored, (2) is
similar to something already being used or (3) will be
available on a regular basis, there is wusually 1little
economic advantage to using donated items. Making a short-
term change in an animal's diet to include a new food that
has been donated is generally not desirable because of
possible digestive disturbances nor practical because many
animals are reluctant to try new foods. Novelty food items
are typically fed out in addition to rather than in place of
reqgular foods.

Water...Water is <cheap - at 1least it should be.
However, zoos often buy large amounts of very expensive water
in the form of high moisture foods. H;0 is H;0 whether is
comes from produce, 1live prey or from a tap. If a zoo
purchases 2,500 lbs of produce a week it is probably getting
at least 2,000 1lbs of water and less than 500 1lbs of dry
matter. There is no evidence that water naturally contained
in foods has any nutritional advantage over plain water.
Water quality depends on what the water contains - not on the
water itself. Some species rely primarily on their food for
moisture since they naturally drink little or no free-water.
However, even with these species moisture can come from water
naturally contained in the food or from water added as part
of an artificial diet. Animal nutritionists working with
domestic animals have long realized that economic comparisons
of feeds and diets should always be made on a 100% dry matter
basis. Comparisons of the dry matter content, typical
cost/unit as fed and cost/kg dry matter reveal tremendous
variability among different foods frequently used in zoos
(Table 1). This variability is even more pronounced when
foods are compared on the basis of cost/kg of crude protein.
Crude protein is usually the most expensive component
required in animal diets. Generally, an inverse relationship
exists between dry matter content and cost per unit of dry
matter for foods used in zoos.

Nutrients Versus Foods...A distinction is often made in
zoos between artificial diets and so-called natural foods.
Natural foods are items +that maintain their individual
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foods consumed in captivity are vastly different in shape,
texture and composition than native foods consumed in the
wild (e.g., many cultivated fruits).

More money is often spent by zoos on produce (fruits and
vegetables), particularly =zoos with large primate
collections, than any other food group. Possible advantages
of produce are (1) its palatability, (2) it provides a source
of moisture, (3) it may affect stool consistency and digesta
passage, depending on other components in the diet and (4) it
can be occupational for the animals because it provides
nutrients in a more dilute form than most artificial diets
and therefore more time is spent feeding. Other possible
advantages of produce are it might provide unknown factors
that can promote health that aren't currently recognized in
the formulation of artificial diets (e.g., the protective
effect cruciferous vegetables have been reported to have
against some forms of colon cancer) or conversely, that it
doesn't contain additives often added to maintain quality of
artificial diets. With the possible exceptions of (1) and
(4), above benefits of produce are either questionable or
could be duplicated with properly formulated artificial
diets. The disadvantages of produce are much more obvious
than the possible advantages. It (1) is usually expensive on
a dry matter basis, (2) has a high spoilage rate (e.g., > 10%
loss in storage is common for items such as spinach and
lettuce), (3) 1is 1labor intensive to handle because of its
bulk and weight - much of which is water - and is often
chopped by hand, (4) usually has poor quality control unlike
most commercial artificial diets, (5) usually requires
refrigeration, (6) can lead to an imbalanced diet if animals
are given the opportunity to select a large proportion of
preferred foods (particularly fruit) and (7) can contain
residual pesticides.

As indicated by the example in Tables 2 and 3, primate
diet costs are often directly related to the proportion of
produce fed and inversely related to the proportion of
commercial chows. Many primates quickly tire of a monotonous
diet comprised primarily of a single commercial chow. Food
intake can decline and animals may become listless. One way
to improve intake of commercial products and thus include a
higher proportion of chows in the diet is to offer more than
one type. Several brands of monkey biscuits are currently
marketed by reputable manufacturers in the United States.
The differences in taste and consistency of the various
brands are obvious from the pronounced preferences that
individual animals will often display.

Supplements...Supplements in the form of tablets,
capsules, powders and liquids are often added to diets of zoo
animals to provide additional vitamins, minerals, fatty
acids, amino acids/protein and/or energy. Supplements are
also sometimes given to provide components not traditionally
recognized as being required (e.g., enzymes and microbial
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facilities, seed and other expenses necessary to operate the
hydroponics unit. The justification for feeding hydroponics
is often based on nutritional reasons in addition to
economics. However, because hydroponics contain
approximately 90% water, the small amount of dry matter they
contribute to the diets of most animals, particularly
hoofstock, is often insignificant.

Savings can sometimes result from raising instead of
purchasing 1live prey (ie., mice, rats, chicks, quail,
crickets, mealworms). Labor, space requirements and cage
facilities are the primary factors to be considered. Food
and substrate costs are generally the least expensive aspects
of live food production. At Brookfield Zoo, a colony of 375
breeder mice producing approximately 500 pups per week
require about 8 hours per week to manage.

Production of hay by zoos that have available land can
offer substantial economic advantages but requires acceptance
of certain risks. Hay quality is determined by (1) the
percentage of undesirable hay (e.g., weeds, grass, dirt), (2)
the stage of maturity at cutting and (3) harvest, baling and
storage conditions. Uncontrollable environmental variables
can significantly affect the latter two factors and result in
production of poor quality hay.

Use of surplus animals as food can be economically
advantageous and convenient but depends on the policies and
philosophy of the institution and the emotional climate of
the area.

Raising trees and shrubs for browse might help defray
produce and forage costs. However, year-round use of browse
by most 2zoos requires freezer storage of clippings during
winter.

Commercial Versus In-House Diets and Supplements...For
most 2zoos, 1labor and equipment costs generally prohibit
exclusive in-house production of diets for large carnivores,
hoofstock, and primates. Depending on 1local sources of
ingredients and quantities used, some zoos might be able to
cost justify in-house preparations for these animals but only
if they have the necessary expertise to formulate proper
diets. Conversely, making up diets in-house that are not
labor intensive and do not require expensive equipment (e.g.,
do not have to be pelleted, extruded, baked, ground, etc.) is
often economically advantageous for many zoos. Insectile
mixtures, nectars, gruels and various powdered mixtures can
often be produced exclusively in-house at less than the cost
of commercial products. Perhaps in-house production of
supplements, if considered necessary, offers the greatest
potential for savings in most 2zoos without requiring the
purchasing of expensive equipment. The cost of commercial
supplements is usually much higher than the summed cost of
the individual ingredients they contain. In other words,
there is often a big profit margin. The ingredients used in
most commercial supplements are readily available from
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offer economic advantages as well as safeguard animal
health. Hay perhaps offers the greatest potential for
pricing based on chemical analysis. Many commercial labs and
some Universities and State Agriculture Departments provide

forage analyses at modest cost. Laboratories using near
infra-red spectroscopy can usually provide results within a
few days. Crude protein, acid detergent fiber, neutral

detergent fiber and acid insoluble protein are particularly
useful for evaluating hay quality and can be used to set
minimum specifications and establish a sliding price scale.

How Diets Are Prepared and Fed

Labor...Labor is often the single most expensive item in
the operating budgets of zoos. Reducing labor costs should
be a goal of any attempt to streamline feeding expenses.
Labor can be reduced by minimizing the amount of food
purchased, and the time required for food handling and
processing. Purchasing dry complete feeds usually minimizes
all labor aspects because bagged feeds can be handled,
stored, distributed and fed more efficiently than natural
foods. Food should be received and stored in areas that
minimize distribution distance. Food preparation should not
become habituated to labor intensive diets if possible (i.e.,
diets that require unnecessary chopping, cooking, mixing,
etc.). Ideally, diets should result in well formed stools
that facilitate easy cleanup.

Food Presentation...Food waste is a common problem in
Z00s. Waste can result from overfeeding, animal feeding
habits and preferences, consumption by pests and spoilage.
Overfeeding not only increases feeding costs but jeopardizes
animal health. Not offering food free choice, keeping daily
food consumption records and observing the condition of the
animals can minimize waste from overfeeding. Sometimes it is
desirable to separate animals when dominant individuals are
consuming more than their share of food. Food wasted by the
feeding habits of animals can sometimes be reduced by
changing the method of food presentation. Offering food in
larger pieces can sometimes reduce waste by large species
and also reduce consumption by pests - particularly birds.
Conversely, feeding smaller food pieces can reduce waste by
some arboreal mammals such as small primates that often drop
food after a few bites. Handfeeding species such as
piscivorous birds minimizes waste and facilitates accurate
individual food consumption records. Placing food in smaller
containers,dividing feedings or placing hay in racks with
less space between bars and with catchments can also reduce
waste. Besides implementing pest control, food losses to
rodents and birds can sometimes be reduced by making food
less accessible (e.g., placing food pans on posts that can't
be climbed by mice, feeding animals indoors to reduce losses
to birds).
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Table 1B. Comparison of Food and Feed Costs

HAY

Timothy

Alfalfa

DRY COMMERCIAL DIETS
Exotic Ruminant Pellet
Primate Biscuit Brand A
Primate Biscuit Brand B
Primate Biscuit Brand C
Oomnivore Biscuit

Dry Dog Food Brand A
Dry Dog Food Brand B
Dry Cat Food

FROZEN COMMERCIAL DIETS
Canine

Feline

Bird of Prey

CANNED COMMERCIAL PRODUCTS

Primate Diet

Feline Diet

Dog Food

Cat Food

MEATS AND ORGANS

Horse Liver

Horse Meat

Beef Heart, Lean

LIVE PREY

Chick (1 day)

Mealworm Larvae

Adult Mouse

Crickets (Adult)

Mouse Pup (7 days)

Mouse Pup (1 day)

MISCELLANEOUS

eggs

Nonfat Dried Milk

Casein

Plain Yogurt

Commercial Protein
Supplement

Percent
Dry Crude
Matter Protein
DMB
89.2 11.0
86.8 20.6
90.0 17.8
90.0 27.8
92.0 22.8
90.0 27.8
92.0 23.3
90.0 28.9
88.0 23.9
88.0 23.0
38.0 38.2
38.0 50.0
38.0 50.0
40.3 21.9
38.6 43.5
25.0 41.0
25.0 35.0
30.0 66.7
31.0 63.0
22.5 76.0
27.6 62.8
42.3 52.8
35.4 56.1
29.6 73.5
29.3 44.0
18.8 ~—63.5
26.3 49.0
96.5 37.8
91.0 92.7
15.0 35.2
91.0 60.0

$/KG*

Dry Crude
Matter Protein
0.14 1.24
0.16 0.77
0.37 2.08
0.67 2.41
1.37 5.99
0.78 2.82
0.96 4.12
0.67 2.32
0.73 2.78
1.47 6.40
2.09 5.48
2.15 4.30
2.38 4.76
2.67 12.19
4.03 9.25
4.03 9.83
7.05 20.14
1.84 2.75
4.20 6.67
7.34 9.66
18.12 28.85
30.51 57.76
37.66 67.13
69.31 94.36
255.71 580.90

1,063.26 1.675.22
3.80 7.76
3.95 10.45

10.08 10.87
11.46 32.57
26.45 44.09

*Based on average 1984 costs, Brookfield, IL.

DMB = Dry Matter Basis







Table 3. Example of Primate Feeding Costs

Percent, Dry Matter Basis
Primate Salad* 100 75 75 50 50 25 25 10 10 0] 0]
Canned Primate 0 10 0] 25 0. 25 0 15 0 25 0
HI-PRO Monkey 0 15 25 25 50 50 75 75 90 75 100
Biscuit
Dry Matter 15.5 19.1 19.6 24.2 26.4 35.8 40.9 50.7 60.8 68.8 90
Crude Protein 13.1 16.2 16.8 19.0 20.4 22.6 24.1 25.0 26.3 26.3 27.8
Calcium 0.31 0.51 0.51 0.70 0.71 0.90 0.91 1.01 1.03 1.10 1.11
Phosphorus 0.25 0.38 0.36 0.52 0.46 0.62 0.56 0.66 0.63 0.72 0.67
ME (Kcal/kg) 3,783 3,845 3,810 3,927 3,839 3,956 3,859 3,946 3,888 3,987 3,900
$/KG, Dry 4.47 3.73 3.53 3.09 2.57 2.15 1.62 1.48 1.05 1.18 0.67 |
Matter**
$/50 Primates 16,316 13,615 12,885 11,279 9,381 7,848 5,913 5,403 3,833 4,307 2,446
JYTkEk

*Seé Tabie 2

**Based on average 1984 costs, Brookfield, IL
***Assumes average body weight = 10 kg and

dry matter intake

2% of body weight.







POISONING IN ZOO ANIMALS

R. Lorenzana, D.V.M.
National Animal Poison Control Center
University of Illinois

Current address:
Dept. of Agricultural Chemistry
Oregon State University
Corvallis, OR 97331

INTRODUCTION

The National Animal Poison Control Center at the
University of Illinois College of Veterinary Medicine is a
24-hour telephone hotline available to veterinarians, owners,
and anyone with an animal toxicosis question. The center was
established in 1978 and has rapidly expanded from a few
hundred calls per year to 10,000.

Because of the nature of your responsibility in the care
of wild animals that have become totally dependent on human
beings for their welfare, it is important for you to think
critically about toxic as well as nontoxic causes of health
problems. To aid you in this, I would like to make you aware
of the National Animal Poison Control Center (NAPCC) and to
alert you to some possible toxicity problems that may arise
in zoo animals.

TABLE 1. Summary of cases involving zoo animals, 1 January
1982 through 31 July 1984.

Class Number of cases Percent
Plant 79 35
Heavy metals 13 6
Veterinary medications 22 9
Pesticides 60 26
Biotoxins 11 5
Construction & misc

chemicals 42 19
TOTAL 227 100

Table I is a summary of calls concerning zoo animals
that the NAPCC has received. Although zoo animals are in a
protected environment they are not sheltered from exposure to
toxic substances. The percentages of calls are in the same
general proportion as the calls we receive involving all
species of animals. That is, plants and pesticides comprise
the bulk of our calls while construction materials and
chemicals are also common but less frequent.
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Eating the leaves or fruit of these trees may produce subtle
nervous system signs (animals are described as "acting
strange") or the signs may be limited to gastrointestinal
disturbances. Abortion in livestock has been reported. The
leaves of some species have been crushed and thrown into the
water to stun fish (Kornheiser, 1983; Gadd, 1980; Williams
and Olsen, 1984).

The Black Locust tree (Robina pseudoacacia) is also
called Black Acacia, but it should not be confused with the
acacia trees that are eaten by animals in Africa. These
trees contain a toxin called toxalbumin. There is a lag
period between the time of ingestion and the appearance of
the signs of poisoning. I have been told about some zoo
monkeys given a cut limb as a toy that demonstrated some
toxic signs. Fatalities are rare (Kingsbury, 1964; Hulbert
and Oehme, 1968).

The NAPCC has been asked about the signs that could
occur after a giraffe was exposed to a Kentucky Coffee tree
(Glymnocladus dioca). Gastrointestinal irritation and
nervous signs may occur but none were reported in this
giraffe (Kingsbury, 1964). Poisoning in other animals has
occurred when this tree was being pruned or cut down and the
cuttings were available to the animals.

Cyanide is the toxic component of peach and cherry tree
leaves and twigs (Prunus sp.). Sudden death may occur if
these are eaten. It has been suspected, although not proven,
that ingestion of a small amount over a long period of time
may affect the peripheral nerves (Hulbert and Oehme, 1968;
Siegmund, 1979).

The privet (Ligustrum spp.) is a common shrub or small
tree that 1is used as a hedge. If eaten, it will cause
vomiting (or colic, in species that can't vomit) and diarrhea
(Kingsbury, 1964).

Another common hedge that has characteristic red berries
is the Japanese Yew (Taxus cuspidata). If a very small
amount is eaten, irritation of the stomach and intestines
resulting in diarrhea will occur, but it does not require
much more to affect both the nervous system and heart, and
cause sudden death (Fowler, 198la; Fowler, 1981b).

Oleander (Nerium spp.) leaves, both fresh and dried,
contain a glycoside which blocks the normal electric impulses
that cause the heart to beat. This results in abnormal
rhythms that can cause death (Mahin et al., 1984; Schwartz et
al., 1974). Four ounces is enough to poison a horse (Bailey
et al., 1979).

All members of the Heath family (Ericaceae) are
poisonous. These include rhododendron (Rhododendron sp.),
Japanese pieris (Pieris Jjaponica), and mountain 1laurel
(Kalmia sp.). Signs in animals are essentially identical for
all these plants. There is a period of approximately 6 to 12
hours after eating when there are no signs, but this is
followed by a loss of appetite, copious salivation, repeated
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HAY

A lot of hay is purchased for consumption by zoo
animals, and there are some poisons that may occur in hay.
Blister beetles are 12-20 mm long and have 1longitudinal
stripes. They produce a blistering compound that has been
used medicinally by people as early as 1799. The dried,
powdered adults are still used today in some parts of the
world as the ingredients of Spanish Fly, an aphrodisiac.
Cantharidin, the blistering compound in the beetle's body, is
highly toxic and causes the signs listed in Table 2 (Beasley

et. al., 1983).

TABLE 2. Cantharidin (blister beetle) toxicosis in horses,
sheep and cattle.

Fever
Increased Heart Rate
Colic
Diarrhea
Frequent urination

Straining

Animals become exposed when they eat alfalfa hay in
which the beetles have become trapped during baling. This
only happens in a droughty summer when the beetles' normal
forage is lost, they move into the alfalfa and a crimper is
used to harvest the hay. The two species in the United
States occur from the Plains States to the East Coast (Adams
and Selander, 1979; Schoeb and Panciera, 1978). Examine hay
carefully that comes from these areas in a dry summer.

"Bovine Bonkers" or the "Crazy Cow" syndrome can occur
when cereal grain hay that has been treated with anhydrous
ammonia is fed to livestock (Table 3).
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the use of pyrethrins; however, toxic signs have also been

reported in animals following exposure to pyrethrin
insecticides (Table 5).

TABLE 5. Reported signs in animals following exposure to
pyrethrin insecticides.

Salivation
Depression
Hyperactivity
Vomiting
Diarrhea
Incoordination

Seizure

The pyrethrin as well as the noninsecticide ingredients
may cause these signs (NAPCC, 1984).

CLEANING AGENTS

Cleaning agents are a group of compounds that are quite
common and can cause a variety of problems (Table 6).

TABLE 6. Cleaning compounds.

Irritants

non-ionic detergents (e.g., dish soap)
Corrosive

cationic detergents (e.g., Roccal)

disinfectants (e.g., low phosphate detergents and drain
openers)
bleach
Liver and kidney damage
phenolic disinfectants in cats (e.g., Environ)
pine oil cleaners (e.g., Pinesol)

Nonionic detergents, such as dish soap, can irritate the
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Rearing Orphaned Wild Mammals

Richard H. Evans, D.VM., M.S.*

Experienced, competent veterinary assistance has become a necessity
in the field of wildlife rehabilitation. Although many colleges have developed
programs in wildlife medicine, most stress the fundamentals of treating
disease and repairing injuries. Little if any time is devoted to instruction in
the care and management of orphaned neonates and their rehabilitation and
reintroduction into the wild. The purpose of this article is to familiarize
practicing veterinarians with techniques for rearing orphaned mammals.

In general, medical and surgical techniques and treatments used in
domestic animals can be readily adapted for use in wild animals. Major
physiologic idiosyncrasies and species-specific drug dosages are less frequent
considerations, but the major problems encountered are inherent behavioral
differences between wild and domestic species. Wild animals are much more
difficult to restrain. Because of their well-developed defense mechanisms,
they are more physiologically stressed by restraint than are domestic animals.
For example, restraining a 10-1b juvenile raccoon can be very difficult for
two or even three adult human beings. A 6-b newborn white-tailed deer
fawn can inflict serious injuries with its sharp swift hoofs and is susceptible
to capture myopathy from prolonged restraint.

Restraint can only be successful when man is familiar with the animal’s
normal offensive and defensive behavior. A basic understanding of how wild
animals respond to their environment as well as to each other is mandatory.
The clinician is encouraged to gain experience in normal behavior patterns
through the study of the biological literature and personal observations from
hands-on practice in an area rehabilitation center. In particular, the clinician
caring for wild animals should be thoroughly practiced in techniques of
restraint and handling of wild species.?

TECHNIQUES IN REARING ORPHANED WILD MAMMALS
Medical Database and Physical Examination

The rearing of orphaned wild mammals requires that an initial database
be established for the purpose of monitoring growth rate and physical and

*Medical Director, Pacific Wildlife Project, and President, National Wildlife Rehabilitators
Association
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REARING ORPHANED WILD MAMMALS

;’ , 3 pare Accession Number

! | 9/6/83 155M-83

! . - . -
! | Specfes: Raccoon x
! | Age: 39 days Sex: Female ‘!
i | Weight: .356_gm i
. Body Conditfon: Fair i
- P Ty T Hydration Status: 8-10 % deficit e
l\ WLOUFE RENASWLITATION AND OXSEASE STUDY CENTER TYemp: 105.6°  pyise; Weak Resp:60+labored

: Integumentary System: Scaley dermatitis over crown, back, and chest. Xesiculae |

‘eruptions on medial aspect of forepaw toes, lips, and external _naves.. ___. ._.__
Generalized bristling of guard hairs.

Spectal Senses: py)), fixed. staring gaze

Mervous System: Intermittent tonic/clonic convulsiops.chorea, random-sided |
circling, excessive vocalijzation.

Cardiovascular System: Heart rate is irregular, correlated with labored breathing. :

4 —_— —i
‘pigestive System: Mucous membranes are dry and pale; capillary refil] time is :
10~15 seconds; stool is loose and mucoid. _ I
Endocrine System: ——————— e
1

Respiratory System: Labored. open-mouth breathing; severe purulent rhigitis . ___
pnd conjunctivitis. —_— e e e
Urogenital System: pjstended bladder. _ o j
{

——————

Musculoskeletal System: NSL

Other: '

Figure 1. Record of physical examination.

The eyes and ears should be examined for any disease, especially con-
genital defects (anophthalmia, cataracts), and stage of development. As is
the case with dogs and cats, it appears that most wild canids do not open
their eyes until the second week of life.?42 Pupillary reflexes and normal
visual functions appear at 3 to 5 weeks. Full auditory capacity develops at
about 5 weeks of age. Most wild rodents and mustelids take about twice as
long for these events to occur.

The respiratory system is examined for evidence of rhinitis, conjunc-
tivitis, or pneumonia. Auscultation is all but impossible in rodents, mustel-
ids, and small felids because of their very active nature and tendency to
hyperventilate during handling. Examining the quality and frequency of
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REARING ORPHANED WILD MAMMALS

tongue depressor padded with tape can be used to open the mouth suffi-
ciently for examination of the teeth.

It is often difficult to fully evaluate the nervous system in domestic and
wild neonates.® The author has found that previously published protocols
on the examination of the nervous system in neonatal domestic dogs lend
themselves readily to wild canines.®

General body condition is most readily assessed by comparing the de-
gree of pelage and musculoskeletal development with body weight and pat-
terns of dental eruption. Hydration status can be assessed with the method
used for domestic animals. However, it should be noted that in most canids,
felids, procyons, and some rodents, extensive elasticity of the cervical in-
tegument (used as a handle by which the mother can carry her young)
precludes its use as an evaluation of hydration status. Once the physical
examination is completed, appropriate restorative treatments, such as re-
hydration and the maintenance of body temperature, can be performed.

RESTORATIVE TREATMENTS

The maintenance of normothermia is one of the most important pro-
cedures in rearing wild neonatal mammals. Because small, unfurred neonatal
animals have a tremendous surface area for heat loss and cannot thermo-
regulate until about 3 to 4 weeks of age, they readily become hypothermic
after as little as 45 to 60 minutes of exposure to ambient temperatures.
Hypothermia may result in an impaired suckling reflex, gastrointestinal hy-
pomotility, and impaired digestion just as in domestic species.> Devices
available for rewarming include heating pads, hot water bottles, and heat
lamps. In the author’s experience, none of these methods are as effective
in raising the body core temperature as a warm water bath (105 to 100°F)
with cutaneous massage, followed by immediate and complete drying 1 ader
a heat lamp or hair dryer. This method has been reported to raise body
temperature by 5 to 6°F within 5 minutes.22 The use of heating pads is
discouraged because they merely warm the animal superficially one side at
a time.

Rehydration is undertaken by the usual methods established for small
domestic animals. A balanced electrolyte solution, such as Normosol-R in 5
per cent dextrose, should be given orally. Dextrose (2.5 per cent) in half
strength lactated Ringer’s solution may be given subcutaneously. If dehy-
dration is severe (10 to 12 per cent), replacement fluids must be given
intravenously using a jugular catheter.

In assessing fluid needs for neonates, the clinician should note that
neonatal requirements may be two to three times those of adults because
total body water in neonates is about 70 to 80 per cent of body weight,
compared with 60 per cent ir adults. Daily maintenance fluid requirements
(35 to 40 ml per kg) also must be met until the animal is on a diet of milk
replacer. A highly successful regimen is to give 40 to 50 ml per kg of body
weight of replacement fluids orally by gavage in divided doses every 12
hours until rehydration is complete. From this stage until release, a medical
record treatment and progress sheet should be kept (Fig. 3).
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A heating pad is placed on the floor at one end and set on low. A blanket
or towel that does not unravel or shred is placed over the heating pad to
form a bottom sheet. The neonate is placed in the aquarium, and a top sheet
is loosely draped over it. This allows the neonate the feeling of being brooded
as well as an opportunity to crawl between warm and cool areas.!> For
neonatal cervids (deer), outdoor housing consisting of a 10 foot by 20 foot
by 8 foot run, having one end enclosed with fiberglass panels and provided
with a straw floor, prevents the fawn from being exposed to dramatic changes
in temperature or humidity or inclement weather. When thermoregulation
is achieved, larger caging with appropriate-sized nest boxes, such as the
bottom half of a plastic dog-carrying crate, is needed.

Milk Replacer Formulation

It should be noted that an artificial milk replacer cannot be expected
to perform as well as mother’s milk. Rather, the goal is to produce a positive
growth rate to enable the neonate to wean itself to a solid diet.

In order to provide a neonate with proper nutrition and, hence, facilitate
its growth while it is being fed an artificial milk replacer, one should re-
member the following concepts: (1) Protein, fat, carbohydrates, energy,
vitamins, and minerals must be supplied in amounts and proportions that
support a positive growth rate. (2) The amount fed at each feeding should
not exceed the maximum comfortable stomach capacity. (3) The number of
feedings per day should be adequate to supply daily energy requirements
considering the finite amount that can be delivered at each feeding. (4)
Every effort should be made to promote weaning to a complete and balanced
solid diet when physiologically possible.

Table 1 lists the constituents of mother’s milk for a variety of small wild
mammals. Species are subgrouped to demonstrate trends among taxonomic
groups. Comparison of these analyses to available commercial milk replacers
such as Esbilac,*KMR,* and Multi-Milk* will allow for an appropriate choice
of a milk replacer (Table 2). Table 1 also reflects the paucity of data available
on the composition of milk of some wild species. In addition, these data
were obtained by a variety of techniques, some of which have high inherent
margins of error. In some cases, samples were taken at unreported stages
of lactation and were few in number. As a result, a degree of skepticism over
their validity is in order.3” Despite the sources of error, practical experience
has shown that these data generally are adequate for formulation of artificial
milk replacers.

Until recently, it was necessary to utilize commercial fat and protein
supplements, whipping cream, eggs, or dilution procedures to alter the fat,
protein, and energy content of commercial milk replacers.22 For example,
milk replacers for dogs and cats contain moderate levels of carbohydrates.
Such formulas are contraindicated in rodents and lagomorphs, whose milk
is normally low in carbohydrates.

Because these supplements usually contain a proponderance of one
macronutrient, addition of these supplements to a milk replacer can result
in an imbalanced diet. For example, the current use of whipping cream to

*Borden, Inc., Elgin, Illinois.
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Table 2. Analysis of Commercial Animal Milk Replacers

ENERGY
PRODUCT SOLIDS FAT PROTEIN CARBOHYDRATES ASH (KCAL/ML)
Esbilac
Undiluted powder 95.00 40.00 33.00 15.80 6.00 6.20
Diluted 1:3* 15.00 6.00 4.95 2.38 0.90 0.93
Diluted 1:1.5* 30.00 12.00 9.90 4.76 1.80 1.86
Liquid product 15.00 6.00 4.95 2.38 0.90 0.93
KMR
Undiluted powder 95.00 25.00 42.00 26.00 7.00 5.77
Diluted 1:3* 18.00 4.50 7.56 4.68 1.26 1.04
Diluted 1:1.5* 36.00 9.00 15.12 9.36 2.52 2.07
Liquid product 18.00 4.50 7.56 4.68 1.26 1.04
Multi-Milk
Undiluted powder 97.50 53.00 34.50 0 6.63 6.85
Diluted 1:1* 22.70 12.00 7.83 0 1.51 1.55
Diluted 1.5:1* 36.00 19.59 12.75 0 2.54 2.47
Doe milk replacer
Undiluted powder 98.00 30.00 30.00 31.80 7.00 5.86
Diluted as per 22.00 6.70 6.80 7.00 1.50 1.29
instructions
Evaporated milk
Undiluted product 22.00 7.00 7.90 9.70 0.70 1.49
Lamb milk replacer 19.00 7.50 5.50 4.80 0.80 0.70
Goat milk replacer 13.20 3.80 2.90 4.70 0.70 0.70
SPF-LAC 15.20 5.56 5.02 3.27 0.70 0.90
Multi-Milk: KMRt
1:1* 22.81 8.93 8.71 3.20 1.55 1.45
3:1 22.90 10.97 8.63 1.54 1.59 1.57
4:1 22.90 10.90 8.27 1.17 1.50 1.52
1:3 22.70 7.28 9.10 4.39 2.30 1.37
1:4 22.60 6.95 9.16 4.68 1.57 1.36
Multi-Milk: KMR$
1:1 34.22 13.40 13.07 4.80 2.33 2.18
3:1 34.55 16.46 13.03 2,31 2.39 2.36
4:1 34.55 16.35 12.41 1.76 2.25 2.28
1:3 34.05 10.92 13.65 6.59 3.45 2.06
1:4 33.90 10.43 13.74 7.02 2.36 2.04
Multi-Milk:Esbilact
1:1 22.81 10.63 7.70 1.78 1.44 1.49
3:1 22.93 11.63 8.00 0.89 1.52 1.56
4:1 22.90 11.60 7.86 0.71 1.49 1.55
1:3 22.70 9.81 8.75 2.67 2.13 1.51
1:4 22.60 9.65 7.54 2.84 1.39 1.43
Multi-Milk:Esbilact
1:1 34.22 15.95 11.55 2.67 2.16 2.24
3:1 34.40 17.45 12.00 1.34 2.28 2.33
4:1 34.35 17.40 11.79 1.07 2.24 2.33
1.3 34.05 14.72 13.13 4.01 3.20 2.28
1:4 33.90 14.48 11.31 4.26 2.09 2.15

*Ratio of powder to water.

TRatio of powder to powder, diluted 1 part powder to 1 part water.
tRatio of powder to powder, diluted 1.5 part powder to 1 part water.
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Table 3. Daily Feeding Chart for Suckling Raccoons's

BODY WEIGHT RECOMMENDED AMOUP‘ITN':::V:L‘:ANOUS
DAILY ENERGY AMOUNT PER

oz LB G KG REQUIREMENT* FEEDINGt  3X  4X  5X  6X
2.82 0.17 75 Q.08 21 (22) 4.00 44 3.7
353 022 100 0.10 25 (26) 5.00 52 43
459 028 125 0.13 30 (32) 6.50 64 53
529 033 150 0.15 34 (36) 7.50 7.2 6.0
635 039 175 0.18 39 (41) 9.00 1025 82 6.8
7.05 0.44 200 0.20 42 (44) 10.00 1100 88 73
741 046 210 0.2} 43 (46) 10.50 11.50 92 7.7
7.76 049 220 0.22 45 (47) 11.00 11.75 9.4
811 051 230 0.23 47 (49) 11.50 1225 9.8
846 053 240 0.24 48 (51) 12.00 12.75 10.2
882 055 250 0.25 50 (52) 12.50 13.00 10.4
9.88 061 275 0.28 54 (57) 14.00 14.25 114

10.58 0.66 300 0.30 57 (60) 15.00 200 150 120

11.64 072 325 0.33 61 (64) 16.50 21.3 16.0 128

1340 083 375 0.38 68 (71) 19.00 23.6 17.75 14.2

-1411 088 400 0.40 70 (74) 20.00 246 18.5 148
1764 110 3500 0.50 83 (88) 25.00 29.3 220 176
21.16 1.32 600 0.60 96 (101) 30.00 336 253 20.2
Beginning Weaning Process

2469 154 700 0.70 107 (113) 35.00 376 283 226

28.22 176 800 0.80 118 (125) 40.00 41.7 313 250

31.74 198 900 0.80 129 (136) 45.00 45.3 34.0

35.27 220 1000 1.00 140 (147) 50.00 49.0 36.75

38.80 243 1100 1.10 150 (158) 55.00 52.7 39.5

42.32 265 1200 1.20 161 (170) 60.00 56.7 42.5

4585 2.87 1300 1.30 171 (180) 65.00 60.0 45.0

49.38 3.12 1400 1.40 181 (190) 70.00 63.0 47.50

- *Daily energy requirement in kilocalories derived from 2 to 2.5 [70 x body weight (kg)™].
Figure in parentheses is the daily formula requirement derived by the formula:

Daily energy requirement (kcal/day)
Energy contept of formula (kcal/m])

tRecommended feeding amount is derived by the formula:
Maximum comfortable stomach capacity (ml/kg) x body weight (kg).

1These values are derived by dividing various intervals (3x, 4x, 5X, 6 X, etc.) into the
daily formula requirement.
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simple stomach digestive system, the lagomorphs possess ceca. Volatile fatty
acids, which are the product of microbial cellulose (plant cell wall) fermen-
tation in the ceca, are absorbed through the cecal wall into the blood stream,
serving as a major energy source.” Large numbers of anaerobic bacteria
populate the ceca to facilitate fermentation. The milk of wild and domestic
rabbits and hares differs from that of other species.»20:27.3! It has been shown
that these differences produce an essentially sterile stomach and small in-
testine owing to the bactericidal effect of the fatty acids. Cow’s milk and
commercial milk replacer-based formulas do not support these bacterial floral
patterns.? Instead, they commonly result in floral imbalances with subse-
quent bacterial enterotoxemia and diarrhea. Furthermore, antibiotics such
as penicillin, ampicillin, amoxicillin, clindamycin, lincomycin, and, to a
lesser extent, the cephalosporins and aminoglycosides may also cause bac-
terial floral imbalances and enterotoxemia.!®? For this reason, the rabbit is
one of the animal models for antibiotic-induced pseudomembranous colitis
in man.! In addition, almost any physiologically stressful occurrence (han-
dling, excessive light or noise, and fluctuations in temperature or humidity)
can produce floral imbalances in the large bowel and subsequent entero-
toxemia in rabbits, both wild and domestic.!*? The rabbit’s natural envi-
ronment is a forum, or shallow depression in the ground, covered by a layer
of vegetation that helps maintain relatively constant temperature and hu-
midity, and a dark quiet environment.

Rabbits reared in captivity may suffer mortality rates of up to 100 per
cent from Clostridium spiriforme enterotoxemia,? colibacillosis, and other
enteropathies due to cecal floral imbalances.

Despite these problems, Cottontails and Jackrabbits have sometimes
been successfully raised solely on cow’s milk” or solely on Esbilac with
supplemental fat (coffee cream, whipping cream, and so on). Present rec-
ommendations for these species would be 1:1 dilutions of a 3:1 or 4:1 com-
bination of Multi-Milk and either KMR or Esbilac. Multi-Milk diluted 1:1
with water is also adequate. As with rodents, a more concentrated dilution
of 1.5:1 (1.5 part powder combinations to 1 part water) rather than 1:1 is
not readily accepted. As occurs in nature, rabbits should be fed a volume
approximating 10 to 25 per cent of their body weight (100 to 250 ml per kg)
one to three times daily.'? This reduces the amount of stress from handling.
They should be isolated and housed in artificial forums that are kept at a
constant summertime ambient temperature and humidity. Formula-feeding
devices and housing materials should be kept clean to prevent excessive
bacterial contamination. Most importantly, young Cottontails and Jackrab-
bits should be weaned and released as early as physiologically possible (10
to 14 days and 21 to 27 days, respectively).** Rabbits develop an increasing
inability to accept the stress of captivity as they approach weaning age.
Captivity beyond age 21 to 27 days is likely to result in high mortality from
clostridial enterotoxemia.! Young can be weaned successfully by placing a
large pile of vegetation (see Table 5) within 1 foot of their forum at 7 days
of age.

The milk of mustelids and ursids, like rodents and lagomorphs, is high
in solids, fat, and protein. KMR is usually used to raise these species.
However, a 3:1 or 4:1 mixture of Multi-Milk and either Esbilac or KMR or
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Table 4.
AGE (DAYS) FEED AMOUNT FED (ML)  FEEDING INTERVALS
1-4 Bovine colostrum, evaporated 50-60 7 x (q2-3 hours)
milk, doe milk replacer
4-14 Evaporated milk, doe milk 80-120 5 x (g3 hours)
replacer
15-28 Evaporated milk, doe milk 150-200 4 x (g4 hours)
replacer
29-49 Evaporated milk, doe milk 200-250 4 x (q4 hours)
replacer
50-56 Evaporated milk, doe milk 250-300 3 x (g6 hours)
replacer
57-63 Evaporated milk, doe milk 350-400 2 X (q12 hours)
replacer
64-84 Evaporated milk, doe milk 400 1 x
(weaning) replacer

normal concentration, followed by one half of normal concentration for the
next two to four feedings. Feeding of the full concentration should not
commence earlier than 24 hours after the first feeding. This will enable the
animal’s physiology and bacterial flora to acclimate to the new formula.

Usually within 24 hours of feeding the full concentration of milk replac-
er, a normal stool, golden brown in color and the consistency of peanut
butter, is voided. It is not uncommon, however, to see mild or moderately
loose stools or even no stool for up to 96 hours following feeding of the full
concentration. The latter case is common in neonates that have received no
food for 24 hours or more. At least four to five feedings are necessary to
facilitate stool formation because of the high digestibility of milk replacer
constituents.

Opossums, rodents, lagomorphs, and the smaller mustelids are best fed
with a 1- to 5-ml regular tip syringe. This is placed in the dental diastema,
and a small amount of milk is injected to start the animal suckling. In contrast
to small animal nursing bottles, syringes offer much more controlled delivery
of milk, lessening the risk of aspiration. Raccoons, canids, felids, and the
larger mustelids are best fed with a 4-ounce bottle used for human babies
and a nipple used for premature human infants. During the later suckling
period, a regular-sized baby nipple can be substituted as the animal becomes
more proficient at suckling. Ursids, suids, and cervids are fed using a 4- to
8-ounce baby bottle or a soda bottle with a regular-sized nipple used for
human babies, sheep, or lambs.

The neonate should be suckled from a natural position and should have
to perform some degree of work to obtain its milk. Milk should not flow
freely from the bottle. Cervids and suids are suckled in the standing position
or in sternal recumbency. Carnivores and rodents are suckled in a sitting
position, with the forelegs elevated to the level of the stomach. This position
facilitates gravity flow of milk to the stomach, which is necessary because
the swallowing reflex is not fully developed until at least 3 to 4 weeks of age
in infant carnivores and rodents, as is the case in dogs and cats.*? Very young
lagomorphs and opossums often must be fed by gavage. Lagomorphs resist
even the most determined attempts to get them suckling. As a result, they
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medium granular consistency. After weaning, especially in northern states,
weaning diets should be fed ad libitum to facilitate the fat deposition that
is necessary for overwintering.

Readers should note the recommendations given for mink and ferret
food as weaning diets for opossums, mustelids, ursids, and some canids.
Reports indicate growth and survivability are much better on these diets
than the commonly recommended commercial dog and cat foods.* The au-
thor’s preference, based on palatability and ingredient quality, is Ralston
Purina Ferret Chow (No. 5280).* One should also note that recommended
weaning diets are not conglomerations of “natural foods.” Natural diets are
almost impossible to balance nutritionally due to ignorance of the exact
nutrient requirements and the inability to procure the variety of natural
feedstuffs eaten by most species. Such ingredients are expensive, usually
perishable, and time-consuming to prepare. They can also promote palata-
bility-based selective eating habits. As a result, these diets frequently lead
to nutritional deficiencies such as rickets.*!

Contrary to popular belief, it is not necessary to wean wild species to
natural foodstuffs in order for them to recognize food when they see it in
the wild. Anyone who has put a live mouse in a cage with a suckling carnivore,
or a fresh branch of sassafras in with a white-tailed deer fawn can readily
appreciate the animal’s almost immediate acceptance of it as food. What is
more important for these species is a time during which they can learn the
most effective means of procuring food in the wild by trial and error. In the
wild, this is accomplished with varying degrees of maternal guidance or
instruction, ranging from almost none in rodents to up to a year or more in
felids. This guidance or instruction can be mimicked by the slow-release
methods of reintroduction described previously.®

Felids and cervids should not be fed nonnatural diets. Felids require
long periods of time to develop hunting skills and should be weaned on a
combination of dead and live prey. A variety of broad-leafed herbs and a
good-quality hay should constitute the weaning diet of cervids to promote
development of proper rumen function prior to release. Grain-based com-
mercial bovine starter diets necessitate a dramatic shift in rumen microbi-
ology, frequently leading to enteropathies if the animal is released after
being weaned on such a diet.

It is recommended that natural foods be supplemented between wean-
ing and reintroduction, as detailed in the footnotes to Table 5, to serve as
an initiator of normal feeding behavior prior to the reintroduction.

RECORD-KEEPING AND PATIENT MONITORING

During the rearing of wild animals, it is good practice to monitor the
animal by periodic weighing, physical weighing, physical examination, and
written notes on behavioral and physical development. The correlation of
these data (see Fig. 3) will enable growth problems or diseases to be diag-
nosed early, allowing treatment measures to be instituted before problems

*Purina Mills, Inc., St. Louis, Missouri.
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the respiratory and digestive systems. In tree squirrels, it is necessary to
inspect the genitals frequently to ensure that they have not been mutilated.
Occasionally, siblings will suckle on any handy appendage bet®%een feedings,
producing severe trauma to the genitals.

COMPLICATIONS OF HAND-REARING WILD ANIMALS
Runting

Usually the diagnosis of runting is quite easy to make when it involves
one or more animals in an otherwise normal litter. However, when siblings
are not available for comparison, diagnosis may be difficult, if not impossible,
as physical development may be retarded to the point that a determination
of true chronologic age for comparative purposes may not be possible.

Studies over the past 6 to 7 years have enabled us to describe two types
of runting syndromes.'* Features common to both syndromes include re-
tarded behavioral and physical development and depressed growth rates,
resulting in body weights lower than expected for the true chronologic age.
In type 1 cases, the growth curve is of the characteristic configuration, but
shifted in time to the right. Growth is, therefore, retarded until late in the
suckling period or just after weaning. Type 1 animals show a progression in
behavioral and physical development that parallels the growth rate of their
apparent, rather than true, age. The key to resolving type 1 cases is to limit
the daily intake of calories and nutrients to the apparent, rather than the
real, age-dependent requirements, raising the caloric intake slowly as de-
velopment is noted. Opossums, especially those weighing less than 50 gm,
are prone to this type of runting.

Type 2 cases also show a shift in the growth curve. Unlike type 1 cases,
however, there is a marked depression or flattening of the curve. Affected
animals are sickly and inactive compared with normal littermates. Clinical
findings include pallor, hypoproteinemia, leukopenia, cardiac arrhythmias,
chronic hydrothorax and/or ascites, chronic diarrhea, intestinal gas, and a
variety of other gastrointestinal disorders.

With time and treatment, type 1 cases usually become robust, healthy
juveniles. Type 2 cases seldom recover and usually die of a malnutrition/
starvation syndrome regardless of treatment.

Metabolic Bone Disease

Dietary osteopenia, or rickets, often occurs in juvenile wild mammals
fed homemade imbalanced natural foods as weaning diets and is usually the
result of calcium or phosphorus imbalances and/or deficiencies.? The for-
mulation of a balanced diet of natural ingredients requires a thorough knowl-
edge of foodstuffs and their compositions, as well as experience in mathe-
matically formulating diets. Even if a balanced homemade diet is correctly
formulated, selective eating habits based on palatability can easily predispose
to metabolic bone disease.

Treatment of metabolic bone disease is accomplished by feeding a com-
plete and balanced diet, such as commercial cat, dog, mink, or ferret foods.
This also prevents selective eating habits. Natural foods are then supple-
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Woodchuck pups younger than 4 weeks of age are extremely susceptible to
hypothermia, even at ambient spring temperatures.

Because digestive and metabolic activities are temperature-dependent,
hypothermia can impair these processes, resulting in enteropathies. Young
mammals are unable to nurse, and organ function is greatly compromised.
Metabolic acidosis and tissue hypoxia become profound when body tem-
peratures fall below 94°F. Feeding a neonate in this condition only serves
to distend the bowel with undigested food, promoting bacterial overgrowth
and diarrhea. When the body temperature falls to about 80°F, the neonate
becomes torpid and cold to the touch and begins to vocalize, probably from
the combined effects of hunger, cold, pain, and lack of maternal contact. At
body temperatures of 70°F or below, the neonate is comatose. Respirations
are very slow and shallow, with occasional agonal -air hunger breaths. Death
rapidly ensues.

Methods of rewarming have been described previously (restorative
treatments). When the body temperature is below 90°F, rewarming should
be performed slowly. Studies in human beings and dogs have shown that a
rapid shift to normothermia in severely hypothermic patients can cause acute
necrosis of the brain and heart, resulting from the rapid shift in metabolic
activity from a state of almost torpor to one of normality. Fluid therapy
(warmed, balanced electrolyte solution) must also be instituted with slow
warming to maintain renal function and hydration.

Congenital Defects

During the physical examination upon the animal’s admission, a thor-
ough search should be made for congenital defects that may prevent the
animal’s successful reintroduction into the wild. We have found juvenile
cataracts and central nervous system vascular problems in cervids. With the
exception of anophthalmia, optic nerve agenesis, and abnormal cranial mor-
phology in raccoon kits, congenital defects appear to be uncommon in wild
carnivores. A variety of visceral organ anomalies, as well as cataracts and
deformities of the dental arcade, have been seen in rodents and lagomorphs.
The opossum is rather susceptible to congenital problems, probably because
of its unusual reproductive physiology and embryologic growth and devel-
opment.

Injuries

The most common injuries found in orphaned wild mammals result
from automobile accidents, domestic animal attacks (especially dog and cat
bites), and falls. Broken bones (usually of the limbs and cranium), skin
lacerations, and deep puncture wounds are common. Deep puncture wounds
usually can be found on either side of the thorax, frequently hidden from
view by the thick pelage. Penetration of the lungs and heart or a rapidly
fatal massive thoracic bacterial infection are common complications.

Proper treatments for such injuries are those routinely used for small
domestic animals. However, sutures and external coaptation devices are
seldom tolerated and frequently lead to excessive self-trauma during the
patient’s attempts to remove them. Third-intention healing has been used
rather successfully in wild animals, even those with large and gaping wounds.
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drains. Keeping the wound clean and moist and allowing healing by second
or third intention is probably the easiest and most efficacious way to manage
such wounds. It is not always necessary or desirable to employ antimicrobial
therapy for any wound—antibiotics should be used judiciously on the basis
of aerobic and anaerobic bacterial culture and sensitivity patterns.

Bacterial Enteritis. Primary bacterial enteritis is not a common oc-
currence in neonatal wild species. Enteritis secondary to nutritional prob-
lems such as overfeeding is common (see Enteropathies). However, primary
Campylobacter (muskrats, woodchucks, and mustelids), and Salmonella (ro-
dents and raccoons) infections do occur. Their treatment is controversial,
because at present, there is no evidence indicating that antibiotics will clear
an affected animal of the carrier state. Caution again is given in the routine
use of antibiotics, especially in rodents and lagomorphs, which are extremely
susceptible to antibiotic-induced colitis.

Viral Diseases

Canine Distemper. The most common viral disease of carnivores is
canine distemper. The clinical syndrome, pathobiology, and epidemiology
of canine distemper in wild carnivores and especially raccoons has been
described.!® Canine distemper is a highly contagious viral disease of carni-
vores that results in very high morbidity and mortality in mustelids, pro-
cyons, and canids. Aerosolization of nasal discharges is the chief avenue of
contagion. Infection usually results in generalized disease that affects the
hematopoietic, immune, nervous, integumentary, respiratory, and, to a
lesser extent, digestive systems. Table 6 lists the most common signs ob-
served by the author following a study of over 500 raccoons.!® Although
clinical signs related to most of the above body systems can be noted, bizarre
neurologic signs frequently overshadow other signs. The neurologic signs
are frequently indistinguishable from those of rabies. The typical early pic-
ture in 8- to 10-week-old raccoons is a hunched stance, shrunken jowls,
glaring, almost fixed eyes, a lack of fear of human beings, diarrhea, and
anorexia. Morbidity and mortality may approach 70 to 100 per cent in mus-
telids and procyons and 50 to 70 percent in canids. The incubation period
averages 7 to 14 days but may extend to as long as 30 days. Virus shedding
is a common finding in raccoons during the recovery stage. Animals sus-
pected of having canine distemper should be isolated from other susceptible
species.

Because of the highly contagious nature of canine distemper in wild
carnivores, as well as the high mortality, it is not recommended that animals
with canine distemper be treated. Rather, animals with canine distemper
should be euthanatized. The vaccination of wild carnivores is, to say the
least, a controversial issue. It is illegal by most state laws and is not rec-
ommended by the American Veterinary Medical Association Committee on
Rabies Vaccination. However, whenever large numbers of susceptible car-
nivores are kept in captivity, vaccination is necessary to prevent devastating
losses from canine distemper. The author and others!®%:3 have studied sev-
eral commercial canine distemper vaccines in wild carnivores and have found
that modified live vaccines raised in other than avian cell cultures frequently
are pathogenic to wild carnivores. However, even some avianized varieties
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Parvoviral Enteropathy. For 40 to 50 years, it has been known that
procyons and many mustelids are highly susceptible to a disease almost
identical to feline panleukopenia. Recent studies have shown that this disease
is caused by a genetic variant of feline panleukopenia (FPV).* Feline pan-
leukopenia has been experimentally inoculated into raccoons, red foxes,
mink, and striped skunks. The resulting disease was extremely contagious
and caused devastating mortality in mink and raccoons. Red foxes and striped
skunks remained asymptomatic.? Clinical signs develop rapidly (within 6 to
12 days) and include depression, anorexia, dehydration, varying degrees of
leukopenia, and watery, mucus-laden, bile-stained, and/or hemorrhagic diar-
rhea.

Canine parvovirus (CPV-2) has been reported in coyotes.2 Experimental
studies have shown that raccoons, striped skunks, and red foxes are not
susceptible.? Outbreaks of parvoviral disease in raccoons have been studied
in rehabilitation centers, in zoos, and in the wild.

Attempts at treatment of parvoviral disease in wild carnivores are usually
futile, and there is good circumstantial evidence that, in many cases, suffi-
cient amounts of infectious virus may be shed during and after recovery to
produce a point source of infection. For these reasons, it is recommended
that such cases be euthanatized rather than treated. Vaccine trials with
several modified live and killed commercial dog and cat vaccines have failed
to produce demonstrable immunity or protection from the development of
clinical signs in wild carnivores. A recent report indicated that passive im-
munization of dogs with hyperimmune canine serum before and up to 24
hours after oral challenge with CPV-2 protected against infection.?? Such
therapy may be of benefit in wild carnivores.

Rotaviral Enteropathy. Rotavirus-associated diarrhea has been re-
ported in raccoons, skunks, and foxes. " This virus is one of the most common
causes of neonatal diarrhea in human beings and many species of animals,
especially hoofed mammals. Clinical signs of diarrhea, anorexia, and dehy-
dration are usually self-limiting and resolve in 2 to 3 weeks with supportive
care. In untreated neonates, however, especially those with bacterial or
parasitic infections, the outcome is frequently fatal.

Parasites. A wide variety of nematodes, trematodes, cestodes, and
protozoan parasites infect small wild mammals. Infections usually do not
result in clinical disease. Exceptions occur in the very old and young or
those with predisposing immunosuppression. The situation is very different
in captivity, where housing restrictions usually put animals in constant con-
tact with large numbers of infective parasite eggs. Furthermdre, the stresses
of captivity have long been known to precipitate clinical infections by many
parasites, most notably Coccidia in carnivores. Fecal examination should be
performed at admission and at least every 3 to 4 weeks thereafter until
reintroduction into the wild. When parasites are present, the animals can
be treated with the appropriate antiparasitic drugs listed in Table 7.

Some veterinarians advocate that treatment not be undertaken unless
there is evidence of severe infection. They propose that wild mammals are
all parasitized in the wild state and must be able immunologically to cope
with such infections. Parasite-free reintroductions are, thus, deficient in this
respect. Although this theory may have some basis in fact, the clinician must
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disinfectants have no affect on eggs of Baylisascaris spp. Nemex* and Pan-
acurt are highly effective against intestinal nematodes of wild animals. These
are recommended because of their very wide margin of safety. Nemex is
highly palatable for carnivores; therefore, caution should be exercised in
administering it to raccoons because they often become highly aggressive
in their attempts to consume it. Many of the trematodes, such as Hetero-
bilharzia, Alaria, Eurytrema, Paragonimus, and Schistosomes, can be ef-
fectively treated with Droncit.$ This drug is also highly effective against
cestodes. Protozoan species such as Eimeria or Isospora have been effectively
treated with amprolium or sulfadimethoxine. No antiparasitic drug has yet
been found for the treatment of Cryptosporidia. Giardia can be effectively
treated with Flagyl.§

Immobilization and Anesthesia. The use of immobilizing agents or
anesthetics in suckling mammals presents special problems. An excellent
review of anesthesia in pediatric patients has recently been published.#
Readers are encouraged to consult this review prior to anesthetizing young
wild animals. Local anesthesia can be accomplished with infiltration of 1 per
cent Xylocaine.|| Atropine (0.04 ml per kg intramuscularly) can be used to
prevent bradycardia during general anesthesia. For sedation, immobiliza-
tion, or minor surgical procedures, Acepropmazine maleatef at 0.1 mg per
kg intramuscularly, oxymorphone hydrochloride** at 0.1 mg per kg intra-
muscularly, or ketamine hydrochloridett at 4 to 10 mg per kg intramus-
cularly can be used. Oxymorphone can be reversed with naloxoneff at 0.01
mg per kg intravenously, intramuscularly, or subcutaneously. Large doses
of ketamine should not be used because of respiratory depression. Xylazine
should not be used to control muscle rigidity and convulsions caused by
ketamine because of its depressive effects on the cardiovascular system. Most
anesthesiologists agree that gaseous anesthesia is preferred for general anes-
thesia of healthy and unhealthy young animals. Halothane,§§ methoxyflur-
ane, ||| and isofluraneY¥ can all be used safelv. Gaseous anesthetics are de-
livered by the Ayre’s T-piece system or one of its modifications, such as a
Norman’s masked elbow or the Bain coxial circuit. Alternately, pediatric
human circle systems can be used. Gaseous anesthetic delivery devices
should always have an appropriate systemn to remove waste gases from the
operating room.

*Pyrantel pamoate. Pfizer Laboratories, New York, New York.
tFenbendazole. American Hoechst, Somerville, New Jersey.
{Praziquantel. Haver-Lockhart Laboratories, Shawnee, Kansas.
§Metronidazole. Searle Pharmaceuticals, Chicago, Illinois.
[ILidocaine. Astra Pharmaceutical Products, Worcester. Massachusetts.
YFort Dodge Laboratories, Fort Dodge, lowa.

**Numorphan. Endo Labs, Garden City, New York.
t1Ketaset. Bristol Laboratories, Svracuse, New York.
$§Narcan. Endo Labs, Garden City, New York.

§§Fluothane. Averst Labs, New York, New York.

fliMetofane. Pitman-Moore, Washington Crossing, New Jersey.
{YForane. Ohio Medical
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METABOLIC RATE

Nutrition is directly related to metabolic rate,
and several factors influence the metabolic rate of rep
tiles. Metabolic rate is temperature dependent, and for
most specimens maximal efficiency occurs between 30 and
40 degrees C (Cloudsley-Thompson, 1971). Most reptiles
adapt very poorly to cool environments. Many species
are found in temperate areas and are able to survive
because of their low metabolic rate and their ability to
exist on large, infrequent meals (Benedict, 1932).
Winter dormancy occurs in temperate species and is
accompanied by a fasting period with a concurrent reduc-
tion in metabolic rate.

In captivity, the term, "preferred temperature
optimum”, is used to describe that temperature within a
thermal gradient at which an ectotherm chooses to spend
the majority of its time (Cloudsley-Thompson, 1971).
Fossorial species are able to choose the preferred
temperature in their natural environment and to a lesser
extent in captivity. However, aquatic forms are depend-
ent upon water temperature for determining their body
temperature. Consequently these aquatic species are
more restricted to the temperature range of the environ-
ment with respect to maintenance of normal body func-
tions.

Muscular activity in animals results in the produc-
tion of heat. In reptiles, thermogenesis is generally
poor, but in some species an elevation of body tempera-
ture above ambient has been noted (Asplund, 1970).
Endothermy is more efficient in larger reptiles, and
core body temperature can remain elevated 4-6 degrees C
above the ambient for long periods of time (Cloudsley-
Thompson, 1971).

Temperature and the Regulation of Functions

Physiological functions are regulated by enzyme
systems. These biochemical systems in reptiles are
temperature dependent to varying degrees. The enzyme
ATPase, which is essential in energy-producing reac-
tions, is temperature dependent and activity is reduced
as temperature declines. Alkaline phosphatase, on the
other hand, does not show this temperature specificity,
and functions over a wider temperature range (Licht,
1967). Trypsins, in those reptiles studied, appear to
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In lizards herbivory appears to be weight depend-
ent, and most specimens under 300 grams are frequently
carnivorous (insectivorous). Their small size and
higher activity levels allow for quickness in seizing
prey without an undue expenditure of energy. Many
lizards weighing more than 500 grams are herbivorous.
This strategy allows them to take food leisurely and to
obtain desired quantities of the foodstuff without an
undue energy expenditure. Exceptions exist in those
lizard species with specialized adaptations for food
acquisition; regardless of weight these remain carnivo-
rous. Both the varanids and chameleonids show special-
ized adaptations for prey acquisition. The varanids
seize prey with a short, quick sudden burst of movement
with a presumed low energy output. The chameleonids
seize prey through the rapid movement of an elongate
tongue; the net result is the use of minor portions of
the body muscle mass, again resulting in a presumed low
net energy expenditure. Species that are carnivorous
are able to maintain this status only because the net
energy intake of a prey item is greater than the net
energy expenditure associated with the capture (Pough,
1971).

The young of some species of lizards tend to be
carnivorous, at least during the first few months of
life, later shifting to more herbivorous diets. Howev-
er, Iverson (1982) states that in lizards that are true
herbivores as adults this ontogenetic shift from carni-
vory to omnivory does not occur. In those lizards which
start out with carnivorous habits, they apparently are
taking advantage of high calorie, low fiber content of
whole prey items. 1In general, herbivores have a readily
available food supply and expend little energy during
food acquisition. However, it has been noted that
seasonal differences in food availability or suitabili-
ty, and food quality or gquantity, can slow growth and
inhibit reproductive success in herbivorous lizards
(Iverson, 1982).

Considerations in Feeding Prey

Vertebrate prey, as a food source, may generally be
considered nutritionally adequate. However, there can
be problems associated with the feeding of whole ani-
mals, since a prey item that is fasted or starved may
not be nutritionally adequate. In such instances,
protein catabolism occurs and muscle protein is utilized
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However, in certain chelonian species, kidney, liver,
muscle and heart glycogen remained constant throughout
an eighteen-week fast. There was no change in physical
activity level (Morlock, et al., 1972), nor was there
any alteration in enzyme activities following a fast in
semi-aquatic turtles (Penney and Papademas, 1975). 1In
snakes, an eighteen-week fast had no significant effect
on blood chemistry values except for a slight decrease
in serum cholesterol and serum sodium (Martin and Bagby,
1973).

Fasting appears to be a major biological adaptation
to temperate climates (and tropical) and/or seasonal
fluctuations in food availability. A variety of envi-
ronmental regulators and adaptive features are important
in determining the periodicity and duration of fasting.
During periods of environmental harshness, the available
biomass becomes reduced and a period of fasting may
result. The dormancy fast of reptiles in temperate
climates corresponds to periods of low environmental
temperature or drought. Fasting under these conditions
is accompanied by a concurrent reduction in activity
levels and metabolic rate.

Under captive conditions, fasting is seen with
great regularity and can be predictably controlled.
Many crocodilians will undergo a fast if the environmen-
tal temperature drops below 28 degrees C. Lizards,
snakes and turtles also fast at reduced temperatures;
the conditions under which fasting occurs is probably
species dependent. A captive fasting animal is not
necessarily experiencing a disease process. If the
failure to eat is due to poor captive conditions, it may
reverse once the environmental conditions are improved
(Bellairs, 1967). First year temperate species will
frequently fast regardless of environmental conditions,
and this should not be considered indicative of a dis-
ease condition. However, there may be deleterious
effects after prolonged fasts in captive reptiles that
attempt to hibernate under less than ideal conditions
(R. Pawley, pers. comm. ).

CONCLUSION

The role of nutrition in reproduction is linked to
the metabolic requirements and natural food preferences
of each reptilian species. Environmental factors play
an important role in determining the onset of reproduc-

~156-






Gist, D.H. 1972. The effects of starvation and refeed-
ing on carbohydrate and lipid reserves of Anolis caroli-
nensis. Comp. Biochem. Physiol. 43(A):771-780.

Hofer, R., Ladurner, H., Gathringer, A. and Wieser, W.
1975. Relationship between the temperature preference
of fishes, amphibians and reptiles and the substrate
affinities of their trypsins. J. Comp. Physiol. 99:345-
355,

Hofer, R., Schiestl, W., Gathringer, A., Ladurner, H.
and Wieser, W. 1975. Trypsin isozymes of some ecto-
thermic vertebrates. J. Comp. Physiol. 101:111-119.

Iverson, J.B., 1982. Adaptations to herbivory in Igua-
nine lizards. In: Iguanas of the World. Burghardt,
G.M. and Rand, A.S. (eds.), Noyes Publications, Park
Ridge, New Jersey. pp. 60-76.

Jones, L.D., Cooper, R.W. and Harding, R.S. 1972,
Composition of mealworm Tenebrio molitor larvae. J. Zoo
Ano Medo 3:34-390

Laszlo, J. 1975. The effect of 1light and temperature
on reptilian mating and reproduction: recent develop-
ments. Regional Proc. Am. Assoc. Zool. Parks Aquar.
pp. 33-42.

Licht, P. 1965. The relation between preferred body
temperature and testicular heat sensitivity in lizards.
Copeia 428-436.

Licht, P. 1967. Thermal adaptation in the enzymes of
lizards in relation to preferred body temperature. 1In:
Molecular mechanisms of temperature adaptation. Pross-
er, C.L., (ed.), Amer. Assoc. Adv. Sci., Washington,
D.C. pp. 131-145.

MacKay, R.S. 1968. Observations on peristaltic activi-
ty versus temperature and circadian rhythms in undis-
turbed Varanus flavescens and Ctenosaura pectinata.
Copeia 252-259.

Martin, J.H. and Bagby, R.M. 1973. Effects of fasting
on the blood chemistry of the rattlesnake Crotalus
atrox. Comp. Biochem. Physiol. 44(B):813-820.

- 158 -







IDENTIFYING Z200 MAMMAIS WITH SPECIAL
' NUTRITIONAL NEEDS

Antinomy: _
In the 19th century, British jurists sought to modify

the laws permitting a husband to "chastise his wife with any
reasonable instrument," by dictating that the instrument be a
"rod no thicker than his thumb." Hence, the rule of thumb.
(Psychology Today, 1983).

Edgar T. Clemens
Department of Veterinary Science
Institute of Agriculture and Natural Resources
University of Nebraska-Lincoln
Lincoln, NE 68583-0905

Introduction

It is convenient and often necessary to group animals
together when identifying their nutritional requirements.
There are, however, individuals within each group with
special nutritional needs. It is important to identify these
individuals, recognize their needs, and adjust the
nutritional program appropriately. In the zoo environment
the difficulties of identifying and problem solving are much
greater than in the agricultural and domestic communities.
There are an estimated 4,201 known species of mammals (Nowak
and Paradiso, 1983), more than half of which are available
for 2zoological display. Furthermore, there is an obvious
lack of information on the nutritional needs of zoo mammals
(Ullrey & Allen, 1986). Thus, we are 1left to discuss
nutritional principles, understanding generalities, and to
follow the so-called "rules of thumb."

The law, or rule of thumb, as the British Jjurists
intended, implies a measure of "reasonable" uniformity to
meet the needs of the existing crisis by allowing "a rod no
larger than the thumb." Yet also a degree of flexibility
providing the administrator some latitude for a dose-response
application. The law states not how long the chastisement
shall 1last, and the husband is provided the option of
selecting a rod smaller than his thumb if he so desires. We
need to bear in mind then that there are options available
when considering the value of any "rule of thumb." We need
also to remember that the original British decree was in
fact an "antinomy." That is, "a contradiction between
principles that seem equally necessary and reasonable." As
with the Giraffe, the tallest of land mammals; it is endowed
with a coat of camouflage and has been graced with horns
coated with a fine felt covering. By today's standards, the
literal interpretation of this 19th century practice is
against all moral principles, yet may have, at one time,
appeared reasonable to some. Keep in mind then, that the
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Environmental Stress

Extremes in environmental temperatures often place
considerable stress on the animal. Such stress is often
reflected in their nutritional needs. Both extremes in
ambient temperature, that is heat and cold stress, cause an
increase in the maintenance requirements of the animal

(Collier, 1985; Figure 1). For the cold stressed animal,
behavioural aspects often coincide with the increased
nutritional needs. That is to say, food intake will

generally increase with a decrease in ambient temperature,
although fluid intake may fall below the desired level. We
should remember, however, that most animals' "appetite" will
not respond immediately to cold stress. Often a short period
of weight loss will occur. Then they will eat more as the
cold period proceeds until a plateau is reached between
intake and weight maintenance. When the animal's winter coat
has developed appropriately, appetite may drop slightly to
compensate for the added insulation. Most temperate animals
will adapt well to prolonged periods of cold stress. It is
those periods of rapid flux in the environmental temperatures
that have the detrimental effects on the animal's ability to
establish proper food intake.

The "rule of thumb" applying to cold stress is to "feed
a one-percent increase in energy intake with each degree F
below the thermocomfort 2zone" (Ward, 1984). For most
mammals, this would be in the 35 to 40 degree F range. Those
of us accustomed to feeding the cold stressed animal realize
that forages are a good source of body heat (i.e. the
specific dynamic action of fiber digestion), although not a
high energy density feed. Thus, both components, fiber and
grain, should be considered when feeding the cold stressed
animal. An added note is that water consumption can be
enhanced by simply providing a warmed water source.

Heat stress, contrary to popular belief, also causes an
increase in the maintenance requirements of the animal.
Unfortunately with heat stress the animal tends to reduce
feed intake and increase fluid consumption (Figure 1).

The knowledgeable nutritionist will increase the energy
density of the feed (i.e. less fiber and more grain) so as to
aid the animal in meeting its energy needs. Another valuable
tool is to grind the feed and moisten it before feeding, thus
encouraging the animal to eat more, meeting both their energy
needs and providing some additional fluids. Note that for
the environmentally stressed animal, the nutrients of concern
are water and energy.

Gestation

Gestation is a time of obvious increased nutritional
demands, for the expectant mother must provide for her own
requirements as well as those of her forthcoming offspring.
Unlike the environmentally stressed animal, principal
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1979). Little, if any dietary nutrients consumed by the
female goes to meeting her needs, and certainly all excess
nutrients greatly increase the size of the fetus, enhancing
the chance for dystocia. It is also significant to note that
the increased fetal size infringes upon the stomach of the
female, reducing her intake capacity. Late gestation thus
becomes the critical time for increasing the dietary protein
and minerals for fetal development.

Lactation
Lactation is much more energy expensive than is

pregnancy. At parturition the transfer of nutrients from the
maternal unit to her offspring shifts from the uterus to the
mammary gland. The rapidly increasing body mass and growth
rate of the neonate is reflected in the increased nutrient
drain from the mother. Unlike gestation, however, where
protein was the principle nutrient, in 1lactation, energy
‘becomes a nutrient of equal concern (Table II). Associated
with the increase in neonatal growth is the fact that the
offspring now becomes more mobile, has an increased metabolic
rate over that of its parent, and must provide for its own
thermogenesis. All these energy demands of the offspring
must be supplied by the maternal milk. Whereas the
increased energy demands of the lactating female are
increased by 100, 200 or almost 300% above maintenance (Table
I1). As much as 80% of the dietary energy consumed by the
lactating female may be devoted to producing milk (Collier,
1985) .

The protein requirements of the lactating female tend to
parallel those of her energy requirements in that values of
100, 200 and 300% above maintenance are observed. As it was
with gestation, the protein requirements of the smaller
lactating species and those females which have multiple
offspring increased to a greater extent than those of the
larger species. And as it was with the gestating animal, the
lactation period of the larder mammals is extended over a
longer time span than it is for their smaller counterparts,
reducing the daily demands for energy and protein of the
maternal unit of larger species.

The "rule of thumb" relating to the feeding of a
lactating female is to "feed her in accordance with the
weight of the offspring." Roughly speaking, this can be
calculated as approximately 220 Kcal per kg of infant weight,
or 100 Kcal per pound of offspring, in addition to the
maintenance requirements of a non-pregnant female of similar
size (Anonymous, 1977). This is a rather handy tool to use
since it is comparatively easier to measure the weight of the
offspring and feed in accordance with their increasing size
than it is to estimate the weight and needs of the lactating
female.

Realizing again the highly elevated energy demands of
lactation and that, more often than not, the fetus is born in
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Table I. Gestation Energy and Protein Requirements for
Various Mammals

Energy Requirements Protein Requirements
MNTN* GSTN** TIncrease MNTN#* GSTN** Increase
Cricetidae] 173 253 46% 1.91 8.42 341%
(0.3kqg)
Cebidae 100 125 25% 2.85 5.17 81%
(2.4kqg)
Leporidae 63 105 67% 4.26 7.33 72%
(4.5kqg)
Felidae 70 100 43% 3.12 4.46 43%
(32 kg)
Canidae 54 79 46% 3.75 5.48 46%
(32 kqg)
Bovidae 34 63 85 1.52 3.00 97%
(70 kqg)
Suidae 49 58 19% 2.29 2.54 11%
(110 kg)
Bovidae 27 33 22% 1.23 1.87 26%
(500 kqg)
Equidae 26 32 23% 1.28 1.55 46%
(500 kg)

Data derived from the National Research Council (NRC bulletins
on the Nutrient Requirements of Domestic Animals) and from
Gaines Professional Service Bulletin on the Basic Guide to
Canine Nutrition. Data on Felidae protein requirements not
available, values calculated to equal energy increase.

*MNTN = Maintenance in kcal/kgBW.
**GSTN = Gestation in kcal/kgBW.
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Table III. Mid-Lactation Milk Consumption and Energy Content
for Various Mammals.

Water Protein Energy
(%) (%) (kcal/q)
Marsupials 76.4 7.9 1.06
Primates 86.8 1.8 0.68
Lagomorphs 66.8 12.7 2.19
Rodents 73.0 8.5 1.58
Carnivores 75.7 8.7 1.68
(fissipeds)
Carnivores 43.3 . 10.3 ’ 4.49
(pinnipeds)
. Probiscids 82.5 4.3 1.00
Perissodactyls 90.6 6.4 0.42
Artiodactyls 80.9 5.5 1.20

Adapted from Robbins, C.T. (1983)
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the herd in 1981, five had no detectable vitamin E in their
plasma. Plasma selenium concentrations measured in three
normal animals were 0.30 to 0.33 ug/ml. The feed offered to
those animals during that period was estimated from feed
composition tables and hay analysis to provide 50-100
International Units (IU of vitamin E per. animal per day, or
0.52 IU per kg body weight per day. In addition, some
animals had access to some green pasture for 5 months of the
year. Beginning in 1981, additional vitamin E was provided
as 1) a top dressing of powdered alpha-tocopheryl acetate
added to the feed of the females, which fed as a group, 2)
alpha-tocopheryl acetate mixed with drinking water of the
males, which were housed together in groups of two or three,
and 3) a single intramuscular injection of alpha-tocopherol
for newborn animals. The supplementation program was
calculated to provide approximately 5 IU vitamin E per kg
body weight per day. Subsequent plasma vitamin E values rose
to 3.1 +/- 2.1, n=10 (range 1.0 to 7.7 ug/ml) in 1982,
holding at that level in 1984 (3.2 +/- 2.0, n=11, range 0.5
to 7 ug/ml). During that time, the death rate in the herd
declined, with no cases of myopathy being recognized after
1982.

2. MONGOLIAN WILD HORSE (Equus przewalskii)

During the period of 1977 to 1983, three Mongolian wild
horses displayed ataxia, dating from 2 or 3 months of age.
The severity of gait disturbance eventually necessitated
their being euthanized. Three other horses that died or were
euthanized for other causes had shown mild ataxia.
Necropsies revealed neuronal degeneration in all six horses,
suggesting vitamin E deficiency. The plasma tocopherol
levels of five of the affected horses ranged from
undetectable (<0.3 ug/ml) to 0.8 ug/ml (mean 0.4 +/- 0.1
ug/ml). Seven clinically normal horses had levels ranging
from undetectable to 3.0 ug/ml (mean 1.1 +/- 0.2 ug/ml).
Plasma selenium levels (n=4) ranged from 0.04 to 0.14 ug/ml.

Calculated from feed composition tables and hay
analysis, the vitamin E provided to the horses by the
commercial horse pellets and timothy hay was 220 IU per
animal per day. Early in 1983, the diet was supplemented
with an additional 250 IU per animal per day by top-dressing
of grain with alpha-tocopheryl acetate, and later in 1983
supplementation was increased to 1300 IU per animal per
animal per day, making the estimated daily intake about 1500
IU per animal per day, or about 4 IU per kg body weight per
day. In 1984 plasma vitamin E concentrations averaged near 5
ug/ml.

Since supplementation was begun in 1983, no new cases of
ataxia or neuropathy have been observed in the herd of 16 to
22 animals, including among the ten foals born during that
period.
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may have been lower than estimated. It is also possible that
the requirement of captive Nyala for vitamin E does not
closely resemble that of dairy or beef cattle. The
supplemented level of vitamin E for the Nyala herd greatly
exceeded the estimated required levels for cattle. Yet, the
plasma vitamin E concentrations of about 3 ug/ml are below
those reported as normal (4 ug/ml and above) (16) for
cattle. Cows with plasma 1levels of 2.4 ug alpha-
tocopherol/ml have borne dystrophic calves (17).

The plasma selenium concentrations of the three normal
Nyala were above the range considered adequate (0.1 - 0.2
ug/ml) in domestic livestock. Therefore, it is unlikely that
the dystrophy problems in the herd were due to selenium
insufficiency.

Plasma vitamin E concentrations in healthy domestic
horses on New York breeding farms have been reported to range
between 1.7 and 9.5 ug/ml (18). Horses receiving 200 IU
vitamin E/day maintained plasma concentrations of 4.4 to 4.8
ug/ml (18). Although the presupplementation diet of the
Mongolian wild horses at NYZP was estimated to provide 220 IU
vitamin E per day, their plasma vitamin E concentrations
were below any reported "normal" value for domestic horses.
It is possible that the diet actually provided much less.
Estimates based on feed composition tables can be greatly in
error. After supplementation, the plasma vitamin E
concentrations of the Mongolian wild horses were within the
range of normal domestic horses. It is not known whether
these concentrations could have been achieved with a lower
level of supplementation.

Whole blood selenium of horses raised on local New York
feeds has been reported by Maylin 1980 (16) to be 0.077
ug/ml +/- 0.005. Horses raised on commercial feeds were
0.156 +/- 0.007. Plasma selenium concentrations of three of
the four NYZP wild horses tested were within this range.
(Plasma selenium and whole blood selenium are nearly
equivalent.)

In spite of supplementation of their ordinary diet with
vitamin E, the elephants in the NYZP herd maintain very low
concentrations of plasma vitamin E. The reason for this is
not understood. Neither is it known whether these 1low
concentrations are adequate. The quality of the diet of an
elephant does not differ significantly from that of a horse.
The supplemented level of vitamin E intake for the Mongolian
wild horses was greater than that for the elephants by a
factor of about 3 when considered per kg body weight. Yet,
the plasma concentrations of the horses exceeded that of the
elephants nearly 10 to 20 fold. It is known that raising
plasma 1lipid 1levels results in the elevation of plasma
tocopherol, even when dietary intake alpha-tocopherol is
unchanged (19). Plasma cholesterol measurements in the
elephants were, on the average, about half of those in the
Mongolian wild horses (52 mg/dl compared to 99 mg/dl).

- 174 -






LITERATURE CITED

1.

10.

11.

Nelson, J.S;, Pathology of vitamin E deficiency, chapt 7

in Vitamin E, A comprehensive Treatise (L. Machlin, ed)
Marcel Dekker, New York, 1980.

Muller, D.P.R., Lloyd, J.K. and Wolff, O.H., Vitamin E
and neurological function, Lancet, Jan 29, 225, 1983.

Basson, P.A. and Hofmeyer, J.M., Mortalities associated
with wildlife capture operations in The Capture and Care
of Wild Animals (E. Young, ed) Human and Rousseau,
Capetown, 1973.

Herbert, D.M. and Cowan, I.M., White muscle disease in
the mountain goat, J. Wildlife Management 35, 752, 1971.

Stuht, J.N., Ullrey, D.E., Trapp, A.L., Youatt, Ww.G.,
and Johnson, H.E., White muscle disease in white-tailed
deer, paper presented at Ann Conf. Wildlife Dis. Assoc.,
Ft. Collins, Colo, 1971.

McConnell, E.E. Basson, P.A., deVos, V., Myers, B.J.,
and R.F., A survey of diseases among 100 free-ranging
baboons (papio ursinus) from the Kruger National Park,
Onderstepoort, J. Vet. Res. 41, 97, 1974.

Young, E., Leg paralysis in the greater flamingo and
lesser flamingo Phoenicopterus ruber roseus and
Phoeniconaies minor following capture and
transportation, Internat. Zoo Yearbook 7, 226, 1967.

Goss, L.J. Muscle dystrophy in tree kangarocs
associated with feeding of cod 1liver o0il and its
response to alpha-tocopherol, Zoologica 25, 523, 1940.

Bonnell, B., Myopathy affecting the Rottnest quokka
(Setonix brachyurus) reversed by alpha-tocopherol,
Nature 191, 402, 1961.

Liu, S.K.,Dolensek, E.P., Tappe, J.P., Stover, J. and
Adams, C.R., Cardiomyopathy associated with vitamin E
deficiency in seven gelada baboons, J. Amer. Vet Med
Assoc. 185, 1347, 1984.

Liu, S.K., Dolensek, E.P., Adams, C.R., and Tappe, J.P.,
Cardiomyopathy and vitamin E deficiency in =zoo
ruminants, VIII Asian-Pacific Congress of Cardiology
(abstract).

- 176 -






Improving the Feeding of Captive Felines
Through Application of Field Data

D.G. Lindburg
Research Department, Zoological Society of San Diego, San Diego

The tactics employed by large felines in food-getting in the wild are contrasted
with the conditions which prevail in captivity. While zoos cannot recreate a
completely natural existence, there are points at which nature’s ways can guide
management in improving the quality of life for zoo animals. Equating an adequate
diet with good nutrition leads to dietary substitutions which ignore non-nutritive
requirements. Among the issues discussed are substitute activities, oral health in
relation to food texture, and the psychological aspects of feeding.

Key words: felines, oral health, diet, husbandry, psychological well-being

INTRODUCTION

In 1966 the International Zoo Yearbook published a special section on the
nutrition of zoo animals. A frequently referenced paper in that section, by Richard
Fiennes, pathologist at the Zoological Society of London, concluded with this state-
ment: “Without adequate feeding there can be little breeding.” The breeding of
exotics is clearly a major concern of zoological institutions today, and leads us to a
careful consideration of the diverse factors which impinge on fecundity, including its
relationship to feeding behavior and diet composition. While Fiennes spoke of several
aspects of captive feeding, it is clear when discussing “adequate” diets, his concern
was primarily with nutrition.

Zoo personnel universally share in this concern. The nutritional aspects of food
dominate our thinking at virtually all levels of management, from the keeper who
feeds, to the accountant who keeps a wary eye on costs. The extreme view is that
which Hediger, in the symposium referred to above, called the “retort” theory of
feeding. This theory holds that if nutritionally adequate food is provided, then good
health, increased longevity, and improved breeding will ensue. Hediger himself stands
at the other end of the continuum in arguing for a more naturalistic approach. Even
he recognized, however, that there is need for substitution and modification of natural
diet regimes, given the constraints of a captive existence. Yet a current reading of the

Address reprint requests to Donald G. Lindburg, Research Dept., San Diego Zoo, P.O. Box 551, San
Diego, CA 92112.

- 178 -







Captive Feeding of Felines

component entails a considerable expenditure of effort, and brings into use the
appropriate foraging and feeding equipment, i.e., the sensory modalities, the limbs,
claws, teeth, and jaws. The total complex of activities involved in food-getting are
discussed in light of potential importance to physical and psychological health of
felines maintained in captivity.

Searching for Prey

Schaller [1967] states that much of the Bengal tiger’s daily activity revolves
around its food supply, whether hunting, feeding, or resting satiated beside the
remains of its kill. Its usual method of hunting is to walk through its range in search
of prey. Hunting primarily at night, the tiger will cover an average distance of 10 to
20 miles during an unsuccessful night of searching. Total energy expended in the
location of prey will depend on availability, luck, success rate in capturing, and
frequency with which the species must feed. Success rates for tigers at Kanha Park in
India were estimated by Schaller to be one kill in every 20 attempts. Once a kill is
made, -a tiger may feed for 3 to 4 nights, the duration depending on size of prey and
number of feeding individuals.

Cheetahs in Nairobi Park, Kenya, averaged 8 km of travel per day according to
Eaton [1974], most of this in search of food. Success rates for cheetahs are much
higher than for tigers, estimated at from 50-70%. Cheetahs habitually stay with the
carcass for a single feeding, if in fact it is not appropriated by other carnivores, as is
frequently the case. Solitary cheetahs were estimated by McLaughlin [1970] to make
150 kills per year, on the average.

Being primarily a nocturnal hunter, and the most catholic in diet of the four
species here considered, it is less clear how much leopards must work at locating
prey. Kill rates for an 8-month period at Seronera were determined by Schaller [1972]
to be about one gazelle per week, representing about two-thirds of the total diet.

Lions may key on vultures [Bartlett and Bartlett, 1982] or hyena behavior at a
kill [Schaller, 1972] to locate food, thereby reducing search time. Schaller’s detailed
descriptions indicate that lions also are notable in the extent to which they wait for
quarry to wander within stalking range, as opposed to searching over long distances.
However, in areas such as the Kalahari, where prey may be seasonally scarce,
searching for food is a major and sometimes fruitless activity [Owens and Owens,
1984]. At his Serengeti study site, Schaller [1972] observed that most kills were made
by females, and nearly half of all hunts involved two or more lions. Between 17%
and 30% of stalks were successful, the higher rates pertaining when two or more
lions hunted together.

According to Caro [cited in Lewin, 1987], a female cheetah with an average
litter of three cubs spends 40% of her time searching for prey. Though comparable
figures have not been published for the other species under review here, it is clear
that the food quest requires a substantial expenditure of energy in all.

Methods of Capture

Once prey are located, several tactics may be used in the capture attempt. Those
shown in Figure 1 are adapted from Hamilton [1973], and are intended to be all
inclusive for predators. Stalking, as the term implies, entails the use of stealth to
approach the target to within striking distance. The ambush tactic (Hamilton’s “sen-
tinel”) is one in which the predator takes up a position and waits for prey to approach.
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After opening the skin, the scissorlike action of the carnassial dentition is used to
slice through muscle. In addition, the jaws and teeth are used in ripping, pulling, and
tearing actions as chunks of flesh are extracted and swallowed with minimum masti-
cation. Estimates of consumption for large cats range as high as 25 kg of meat at one
feeding, but a quantity of 10-20 kg is more common. Processing a carcass into
ingestible portions places a substantial workload on the jaws and teeth, as does the
gnawing on and crushing of manageable morsels of bone and cartilage.

Caching is most common in leopards, the kill being maneuvered into trees even
before beginning to feed, or hidden in thickets in treeless areas. Tigers will on
occasion cover remaining portions of a carcass with brush and leaves, but reports of
caching by lions are doubted by Schaller [1972]. All observers agree that cheetahs
make no attempt to retain unconsumed portions of a kill. Whether cached or simply
guarded from other predators, vigilance from first to last meal constitutes an addi-
tional investment in food procurement.

EUROPHAGY

A final point of relevance to this topic is the diversity of prey consumed in the
wild. Preferring prey of not more than 20 kg in body weight, the cheetah specializes
in one or two regionally abundant species. Thompson’s gazelles accounted for about
90% of the diet on the Serengeti [Schaller, 1972], while at Kruger National Park 68 %
of kills were impala [Pienaar, 1969]. Even so, at the latter site, 24 different kinds of
prey in a sample of 2,527 kills were recorded.

At Kanha Park the chital deer made up about 50% of the diet of tigers, but
Schaller [1967] mentions also birds, langurs, porcupines, even occasional reptiles,
amphibians, and fish. In his words, a tiger will eat whatever it can catch.

The Serengeti lions prey mostly on wildebeest, zebra, buffalo, and topi, but in
3 years of study Schaller [1972] observed feeding on 18 different mammals, four
birds, and an occasional crocodile. He cites other reports of opportunistic feeding on
pythons, catfish, and locusts. Pienaar’s [1969] list for Kruger National Park mentions
40 different prey species.

The leopard is said by both Schaller [1972] and Myers [1976] to be more
catholic in diet than any other large cat, and Schaller notes that the food list in the
Serengeti included hare, hyrax, various small and medium-sized antelopes, python,
several kinds of birds, and several carnivores.

Diversity in prey consumed is probably dictated by regional availability and by
opportunity. Whether large felids seek certain kinds of prey out of preference or need
is unknown, but all evidence is consistent with the notion that choice is based solely
on the possibility of capture.

To summarize, large cats in the wild feed primarily on one or a few species but
opportunistically include up to 20-30 different kinds of prey for a given region,
indicating that they are anything but monophagous. They often travel niany miles in
search of food, make numerous unsuccessful attempts at capture, drag carcasses to
feeding sites when successful, and with the jaws and teeth parcel up prodigious
amounts of flesh at any one feeding.
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Pleasure in Feeding

The contrasting reactions of cheetahs to naturalistic (carcass) and to commer-
cially prepared foods, as noted in the Introduction, suggest issues in palatability and
thus in the psychological aspects of feeding which have rarely been objectively
examined. Lacking hard data, we address the issue here by analogy. There are several
parallels between the ways in which humans and zoo animals forage. Procurement
and preparation is in neither case an individual activity, but the task of specialists. For
humans, an entire industry exists to take care of nutritional balance, packaging,
sterilizing, precooking, preserving, flavoring, etc., all of which greatly reduces
forage time at the supermarket, as well as time spent in preparation of food for
consumption. In a similar vein, grass for herbivores is pelleted; fruits and leaves for
monkeys are chowed; and meat for carnivores is minced, packaged, and frozen, all
for similar reasons of nutritional value, cost, and convenience. Like the human, the
zoo animal invests little effort in foraging or in the processing of food items for
ingestion.

The attention humans give to taste, texture, smell, color, and temperature of
food, as well as to the time and place of ingesting, is a measure of the enjoyment
derived from feeding. Food that is nutritionally balanced but lacking in those attributes
which please the palate is disdained. Caution must be exercised in inferring the
gustatory proclivities of animals, but field data do strongly suggest that they find
“pleasure™ in feeding. While psychological well-being remains an elusive concept,
the difficulties encountered in its measurement do not render it unimportant. Until
more refined techniques for assessing the mental state of animals in feeding are
developed, we may be guided by the fact that the behaviors commonly associated
with feeding in nature lead to the conclusion that much of their pleasure centers
around food.

It would be impractical to advocate the abandonment of formulated foods. One
may question, however, if it is wise to regard them as a complete and adequate
solution to captive feeding. Testing with regard to oral health, though just beginning,
points to the need for suitable supplementation, and there is reason to believe that as
we examine the psychology of feeding with proper experimentation, we will find here
as well significant relationships to health and to breeding.
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INTRODUCTION

Those of us who are deeply committed to wildlife
conservation must consider the relative priority of
studying natural populations and propagating wild
animals in captivity. Most of us would agree, however,
that both field research and studies of confined
animals are essential and complementary. Here I
emphasize work with wild and captive primates, and draw
on my experiences in breeding colonies, health sciences
laboratories, and zoological parks, as well as on some
of my observations from travel in Africa and more
extensive field work in Sulawesi (Celebes), Indonesia.

Others have dealt in depth with the topics
addressed here, but this is not the appropriate place
to attempt an exhaustive review. This point is made not
so much to excuse myself from the obligations of
scholarly rigor as to acknowledge that many scientists
whose work is not cited here have made extensive
contributions in these areas.

The basic questions I examine here are the
following: 1) What food items are eaten? 2) How much is
eaten? 3) When is the food eaten? 4) How much effort is
expended acquiring food? 5) How do social or economic
considerations apply? 6) How natural is the -~ habitat
of wild primates? and 7) What are the implications of
feeding ecology for confined primates?

BACKGROUND

These comments are based on my experience with
nonhuman primates in the following settings: 1) the
National Center for Primate Biology/California Primate
Research Center; 2) the breeding colony of the Regional
Primate Research Center at University of Washington at
Medical Lake, Washington; 3) the Comparative
Development Laboratory at Peabody College; 4) Humboldt
State University and the Sequoia Park Zoo; 5) the
Brookfield Zoo of the Chicago Zoological Society; 6) in
Kenya and Rwanda; and 7) in Indonesia, primarily in
South Sulawesi and North Sulawesi. I have had the
pleasure of working directly with more than 35 primate
species, including the following: chimpanzees,
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with some fresh fruits and vegetables. While the
formulated diets are carefully standardized and
balanced, they are designed for the limited number of

"species most commonly kept.

In some settings, additional feeding is allowed,
either by the public or staff. Any additional feeding
should be carefully planned and monitored. The variety
of available foods is an important consideration in
captivity; however, the frequently asserted importance
of variety in psychosensory stimulation (e.gqg.,
variation in texture, taste, smell, color, etc.,)
relative to nutritive value and temporal variation has
not been fully established.

HOW MUCH IS EATEN?

The quantity of food consumed in the wild is very
difficult to measure, especially in forest species such
as the Sulawesi macaques. Techniques include actual
counting of food items eaten followed by weighing and
nutritional analysis of sample food items (cf. Iwamoto,
1974) . Exhaustive counts can be impossible under some
conditions, but good data on feeding rates for specific
items under specific conditions can provide a basis for
reliable estimation of intake based on amount of
feeding time. Obviously, generalizability is limited by
the extent to which the conditions during the estimate
sample reflect the conditions during determination of
the actual feeding rate.

Despite the common misperception that wild
primates live in paradise, few wild primates obtain
what we would consider optimal nutrition in the natural
setting. They are free--free to starve. Nutrition is
limited by the quality and the quantity of available
resources, as well as by the intensity of competition
from conspecifics and contraspecifics.

When the quality of the resource is poor,
nutritional adequacy can be limited by the time
available for foraging and feeding. When the density of
a resource is reduced, range and energy expenditure
must increase to obtain an equal quantity of the
resource. Competition over a resource is likely to
increase as quality increases and availability
decreases.

Many wild primates survive at sub-optimal
nutritional status. When available resources increase,
food intake increases and eventually levels off. When
available resources decline below carrying capacity, of
course, reproductive problems and starvation can result
in population crashes. We are afraid that severe
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techniques exist for determining how much energy is
required to crack nuts of varying degrees of hardness.

A more common measure of energy expended is daily
travel distance. The travel distance is often, but not
exclusively, related to the distribution and quality of
food resources--especially fruiting trees, in the case
of the various Sulawesi macaques we have studied. It is
actually possible to get some idea of relative
preference for fruits by measuring the relative
distance that is travelled to reach trees of various
species.

In confined primates, activity levels can be
measured directly or can be estimated from samples. In
addition, apparatus can be used that requires solution
of a variety of problems or varies the physical energy
that is expended. Contingencies can be set up that
require primates to be active in order to receive
rewards (Markowitz, 1979).

HOW DO SOCIAL AND ECONOMIC FACTORS INFLUENCE FORAGING?

Ecological studies--especially those in behavioral
ecology and physiological ecology--often employ
economic theory. Economic theory applies to ecology in
the sense that behavioral and physiological processes
are enabled by energy and consume energy. The energy
must come from somewhere and typically comes from food.
Energy is obtained and expended within the context of
time. Time and energy are finite and expendable
commodities that lend themselves very well to economic
analysis--that is, to the determination of cost-benefit
relationships.

A balanced ecological system might be thought of
as one in which the animal earns a fair wage (adequate
nutrition and safety) for a fair day's work (foraging
and vigilance activities). In the wild we can assess
the adequacy of environmental resources and the
efficiency of animal adaptations in terms of
survivorship patterns (life tables) in response to
perturbations in environmental variables (e.qg.,
climatic factors). The fact that foraging time and
daily travel distances vary as a function of the
quality, density, and patchiness of food resources
implicates foraging behavior as a major factor in the
adaptation of animals to their environments.

It can be convincingly argued that the social
structure of primates and other animals is a
consequence of economic (cost-benefit) factors
(Wrangham, 1987). In fact, economic models and
ecological analyses are essential to the understanding
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parts of Sulawesi where Muslim dietary habits prevail).
The appetite for monkeys, coupled with the status of
monkeys as crop raiders, places the monkeys of North
Sulawesi in serious jeopardy.

IMPLICATIONS FOR CONFINED PRIMATES

Studies of the feeding ecology of primates under
relatively natural conditions reveal that for many
primates a remarkable variety of foods is eaten. We
must remember that the specific food items available in
the wild are seldom available in confinement, and we
must weigh the merits of providing variety for its own
sake against the prospects of meeting the real
nutritional requirements of the animals.

Spaced feeding schedules in captivity may help to
simulate the feeding and foraging patterns observed
under natural conditions. This may be especially
important for the leaf-eating monkeys. I am pleased to
hear of progress in formulating diets that include the
high-fiber content that is typical of the natural diets
of primates.

As a comparative psychologist, I must emphasize
the potential impact of feeding schedules, food
quality, and spatial distribution of food on behavioral
patterns relevant to captive management. Distribution
of food across time or space can reduce the potential
for competition. Spatial distribution can be especially
effective in reducing the likelihood that dominant
animals will get all the food. Temporal distribution of
food provides opportunities for foraging as an
ecologically valid alternative to agonistic behavior
that can lead to injuries.

The point I especially want to make here is that
careful research in zoological parks, in laboratories,
and in the field is essential. Each setting provides
evidence relevant to the others and contributes
uniquely to a more complete understanding of the needs
of the precious animals we work with. The problems we
face as we attempt to conserve primates and preserve
biological diversity are too important and the need for
reliable information too great for any of us to decline
to work cooperatively.

I must emphasize that the Sulawesi Primate Project
has been greatly aided by funding from the National
Institutes of Health as well as the National Geographic
Society. Funding from the Chicago Zoological Society
and the World Wildlife Fund - U.S., has also been very
helpful, but population surveys and detailed studies of
feeding ecology and behavior would hardly have been
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SOME BASIC CONCEPTS ABOUT ENERGY

Olav T. Oftedal, Ph.D.
Department of Zoological Research
National Zoological Park
Washington, D.C. 20008

INTRODUCTION

Life as a process entails energy expenditure. Life
also implies growth and reproduction, which in turn
require the investment of energy-containing constituents
(eg. protein, lipid, structural carbohydrate) in tissue
formation. Unlike plants, which can capture solar
energy, animals must obtain energy from ingested food.
If the energy obtained from food exceeds energy expendi-
ture (including energy output in reproductive products),
animals achieve ‘positive energy balance’ (i.e. energy

is stored via growth or fattening). By contrast, a
shortfall in energy from food leads to ‘negative energy
balance’, or mobilization of body energy stores. Large

swings in energy balance (from positive to negative and
the reverse) are very characteristic of animals in
seasonal environments. The timing and pattern of repro-
duction are often geared to these swings.

Animals in zoos are largely isolated from seasonal-
ity in food supply, although other physiological phenom-
ena may trigger changes in food intake and energy bal-
ance. Photoperiod effects depress appetite during
winter in temperate cervids, leading to negative energy
balance despite ad libitum feeding. This may not be bad
if energy stores are sufficient to cover the shortfall.
In zoos excessive energy accumulation (‘obesity’) is the
greater problen.

The decision about how much food to provide a zoo
animal should be based on energy balance goals. Do we
want the animal to accumulate energy, to maintain zero
energy balance, or to mobilize energy (i.e.. lose
weight)? In this brief paper I will discuss some of the
basic concepts of animal energetics, and try to relate
them to practical concerns.
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products are retained in the gut so long that only
prolonged starvation can remove them.

Despite these methodological problems, it has
become clear that there are big differences among ani-
mals in basal metabolic rate. Although the absolute
rate (kcal/d) increases with an increase in animal size
(kg), the relative rate (kcal/kg) decreases. There have
been many discussions and arguments as to why this
occurs, and how best to express the trend mathematically
(Brody, 1945; Kleiber, 1961; Heusner, 1985). Nutrition-
ists commonly use weight (kg) raised to the power 0.75
as an estimate of ‘metabolic body size’, and accept
Kleiber’s formula:

Basal metabolic rate (kcal/d) = 70 x weighto'75

where weight is measured in kg. Physiological zoolo-
gists have gone a step further, and often express meas-
ured metabolic rates of non-domestic animals as a per-
centage of the predicted ‘Kleiber value’. By this
criterion, some animals, such as insectivores, frugi-
vores and arboreal folivores, appear to have very low
basal metabolic rates (McNab, 1978, 1980, 1984, 1986).

Basal metabolic rate has virtue as a standardized
measurement, but it need not be closely tied to actual
daily energy expenditure, which includes such energetic
components as the costs of digestion, activity and
thermoregulation. The daily energy expenditure of a zoo
animal may vary according to factors which influence
activity, ambient temperature, or patterns of rest, such
as cage design, social interactions, keeper or veteri-
nary schedules, feeding practices, infectious disease
and visitor disturbance.

Nutritionists are therefore more concerned with
determination of daily energy requirements under a given
set of conditions than with estimation of basal metabo-
lism. A distinction is made between animals at a
‘maintenance’ plane of nutrition, and those that are
being fed to produce additional results such as growth,
fattening, work, gestation and lactation.

Maintenance is defined as the state in which ani-
mals 1. neither gain nor lose weight (zero energy bal-
ance), 2. are not producing reproductive products (fetal
growth, milk production), and 3. are not performing
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1.1 kcal/g for lean mass gain. The efficiency of energy
use depends on a number of factors, including the rela-
tive rate of growth, the composition of gain, and pro-
portion of energy intake above maintenance that is
devoted to locomotion, thermoregulation and other ener-
gy-demanding activities.

The extreme case of high energy requirements for
growth occurs among some seals. For example, hooded
seal pups double their birth weights (from about 50 1lbs
at birth to about 100 lbs at weaning) during a lactation
period of just 4 days (Bowen, Oftedal and Boness, 1984).
Because of the high proportion of fat in the gain, the
total energy content of the pups quadruples in this
short period. This is achieved by ingesting about
50,000 kcal per day (Oftedal, Bowen and Boness, 1989).
This amount of energy would cover the daily requirements
of about 20-25 adult humans, according to recommended
intakes (National Research Council, 1980).

- ENERGY REQUIREMENTS FOR PREGNANCY

The energy requirements for pregnancy (above main-
tenance) are related to the energy content of the
fetus(es) at birth, the amounts of energy contained in
associated tissues (uterus, placenta, mammary glands),
any energy reserves deposited by the mother during
pregnancy and the efficiency of energy use for these
processes (Agricultural Research Council 1980). Al-
though very little direct data are available for =zoo
animals, it is possible to estimate the energy require-
ment for pregnancy from data on birth weights and body
composition at birth. It appears that newborn ungulates
contain about 1.2 kcal/g while carnivores, which are
more altricial, contain about 1.0 kcal/g (Oftedal, 1985;
Oftedal and Gittleman, 1989). In ungulates the total
energy requirement for pregnancy (above maintenance) is
roughly equivalent to maintenance needs for 20-38 days
(Oftedal, 1985). Since this energy cost is spread out
over many months, the incremental requirement per day is
not very large.

ENERGY REQUIREMENTS FOR LACTATION

The energy requirements for lactation (above main-
tenance) are related to the energy content of the milk,
the amount of milk produced, and the efficiency of
energy use for milk production (Agricultural Research
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Most amino acids and small peptides are absorbed by active transport
systems requiring ATP. Competition exists within certain amino
acid groups for specific transport systems (e.g., basic amino acids:
lysine vs arginine; neutral amino acids: leucine vs isoleucine).
Transport systems show a specificity for L-amino acids.

In animals with pregastric fermentation such as ruminants,
macropods, and colobids, bacteria play an important role in protein
digestion. Proteolytic enzymes produced by bacteria in the foregut
break proteins down into amino acids. These amino acids may be used
directly by the bacteria or, more commonly, they are deaminated to
produce ammonia, which in turn can be used by bacteria for amino
acid or nucleic acid synthesis. Because bacteria can synthesize
amino acids from ammonia, animals with foregut fermentation are able
to utilize nonprotein nitrogen sources (i.e., urea, ammoniated
feeds) to some degree as protein sources. Some protein escapes
bacterial hydrolysis in the foregut (i.e., bypass or nondegradable
protein). The % of total diet protein that will escape degradation
in the rumen depends on the animal, microflora, passage rate, and
protein characteristics. In domestic cattle, 40-60% of the protein
in dehydrated alfalfa meal and corn grain will typically bypass the
rumen (NRC, 1984a). Less than 40X of the protein in soybean meal
will escape. Microbes passing from the foregut to the acid stomach
and small intestine are digested by the animal. 1In domestic
ruminants, roughly 50% of their protein requirement is provided by
microbial protein.

Bacterial proteins produced in the cecum and large bowel are
not available to the host animal unless the animal is coprophagous
(e.g., lagomorphs and many rodents).

ESSENTIAL/INDISPENSABLE AMINO ACIDS

Of the 22 amino acids commonly found in animal tissues,
approximately one-half cannot be synthesized by animals or cannot
be synthesized rapidly enough to support optimum growth and
reproduction. The amino acids that cannot be synthesized must be
included in the diet or synthesized by pregastric bacteria (bacteria
can synthesize all the required amino acids). These amino acids are
termed essential or indispensable amino acids (IDAAs). Ten IDAAs
are required by all vertebrates: methionine, arginine, threonine,
tryptophan, histidine, isoleucine, leucine, lysine, valine, and
proline (the acronym MATT HILL VP refers to these amino acids). In
addition to the MATT HILL VP IDAAs, some birds (e.g., domestic
poultry) require serine or glycine, used in the synthesis of uric
acid, for optimum growth. Glycine or serine may not be required by
some bird species, particularly slower growing species (Nitsan et
al., 1983). Felines, and possibly some other obligate carnivores,
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for protein, it must satisfy its requirement for the most limiting
amino acid.

Amino acids can also be deaminated and their carbon skeletons
can be oxidized for energy or used for glucose, ketone, or lipid
synthesis. In mammals, excess amino groups resulting from
deamination are excreted primarily in the form of urea. In birds
and reptiles, these excess amino groups are excreted primarily as
uric acid.

Only the L stereoisomers of amino acids are found in animal
tissues. D isomers of several amino acids can be used by animals,
but these isomers require deamination and reamination to the L
form. This transformation process combined with poorer absorption
of D forms results in much less efficient use of D-amino acids
compared to L forms.

PROTEIN DETERMINATION

The most common method for determining protein, the Kjeldahl
procedure, 1is actually a measure of nitrogen (N). Protein is
estimated by multiplying N by 6.25. The value obtained is termed
"crude protein" and is based on an average of 16%Z N in most proteins
(1002/16% = 6.25). The percentage of N in different proteins can
vary considerably (e.g., 18-19% in seeds and nuts, 15.7% in milk)
depending on their amino acid composition (e.g., tyrosine contains
8.5% N, arginine contains 32X¥ N). ©Not all N is associated with
protein. For example, approximately 20% of the nitrogen in bacteria
is in nucleic acids. When applied to nonprotein nitrogen sources
(NPN) such as urea, crude protein calculations can yield very
spurious results. To determine total true protein, it is necessary
to analyze for each amino acid and sum the results. This approach
is usually too time consuming and expensive to be practical. For
all its potential shortcomings, N x 6.25 gives a reasonable estimate
of protein in most cases. However, it tells nothing about the
availability or quality of protein in the diet.

DETERMINING NET PROTEIN REQUIREMENTS FOR MAINTENANCE

For comparative purposes, protein requirements can be best
expressed on a net basis. Net protein is dietary protein that is
actually utilized by the animal (i.e., digested, absorbed, and
retained by the animal or its microflora). The net protein
requirement for maintenance is equal to the sum of endogenous
urinary mnitrogen (EUN) plus metabolic fecal nitrogen (MFN)
multiplied by 6.25.

EUN is N excreted in the urine that is of body origin. It can
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the Lucas Test). MFN can also be determined directly as the
difference between total fecal N and neutral detergent fiber fecal
N.

MFN usually ranges between 2 and 9 g N/kg of dry matter intake
(Table 1). It is higher in pregastric and well developed hindgut
fermenters because of the greater contribution of bacterial N. 1In
domestic ruminants, bacterial N accounts for approximately 85-90%
of MFN. MFN is also higher on high roughage, low digestibility
diets and tends to constitute a greater percentage of the fecal dry
matter in smaller species.

Because MFN increases as food intake increases, there is a
ninimum amount of digestible protein in the diet dry matter that
must be present just to compensate for the protein-cost of eating.
Because it will exacerbate a protein deficiency, it is not
advantages for an animal to consume a diet that does not provide at
least enough protein to offset the protein cost of eating. Animals
do, in fact, typically decrease dry matter intake on low protein
diets.

Because birds have a cloaca, it 1is not practical to
differentiate between EUN and MFN. It is possible to get an
estimate of the combined N losses by extrapolating to zero N
intake. EUN and MFN losses in birds are approximately 0.1 g N/body
weight kg”.75 or 1 mg N/basal kcal (Robbins, 1983).

DETERMINTING NET PROTEIN REQUIREMENTS FOR GROWTH AND PRODUCTION

Net protein requirements for growth, reproduction and
lactation can be determined by adding the amount of protein accreted
in tissues or secreted in milk to the net protein requirement for
maintenance (this approach is called the factorial method).

Net N (g/day)= MFN + EUN + Growth N + Conceptus N + Milk N +
Miscellaneous N losses

Miscellaneous N losses include hair, feathers, saliva, skin, and
blood loss.

In most growing animals, approximately 15-25X% of their weight
gain is protein. The theoretical maximum is approximately 30% due
to the water-protein ratio. Exceptions to this rule are highly
keratinized external structures such as hair, feathers, and horns.
Hair contains approximately 90X protein. Feathers contain 82-98%
protein. The IDAA composition of body proteins of different animals
in fairly consistent (Table 2). Thus, net IDAA requirements for
growth expressed as a percentage of net protein are probably similar
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for most animals.

The protein requirement for gestation in most mammals does not
increase significantly until the 1last trimester of pregnancy.
Fetuses and eggs generally contain 10-15% protein. Protein content
(as is basis) of milk varies from as low as 1% in some primates and
perissodactyls, to as high as 16% in lagomorphs and some pinnipeds
(Oftedal, 1984). The protein requirement for miscellaneous N losses
in cattle in approximately 2% of the maintenance requirement (NRC,
1984a).

Obviously, a great amount of effort would be necessary to
quantify each of the factors that determine protein requirements.
In domestic animals, allometric relationships and predictive
equations have been determined for most species to estimate each of
these factors from variables that can easily be measured (e.g., body
weight, mature weight, rate of gain, dry matter intake, age, etc.).
This would be virtually impossible to do on a species by species
basis with wild and exotic animals because of the great number of
species. However, because of the similarities among animals,
particularly within taxa, interspecies equations offer potential for
estimating net N requirements for a great variety of species.

Note that there is nothing in the factorial equation that
relates to activity. Protein. requirements do not appear to be
markedly affected by activity per se (i.e., increased muscular
activity does not usually have a major influence on the rate of
protein turnover). Protein requirements appear to be affected by
activity primarily in relation to the effect on energy requirements.

DETERMINING DIETARY PROTEIN REQUIREMENTS

Net protein requirements equal dietary protein requirements
only when true protein digestibility is 100% and the amino acid
composition of the diet perfectly matches the IDAA requirement
(i.e., protein in the diet is perfect in quality).

True Protein Digest (%) = [Diet N - (Fecal N - MFN)]100 / Diet N

(True protein digestibility can also be calculated from the slope
of the Lucas Test for protein.)

In practice, the actual amount of protein required in the diet
is invariably something greater than the net protein requirement
because dietary protein is seldom, if ever, perfect in quality.

In animals with well developed pregastric fermentation,
protein digestibility is generally considered the most important







by calculating Biological Value (BV):

True BV = Protein Retained / Protein Absorbed
=[NI - (FN -MFN) - (UN - EUN)]100 / [NI - (FN - MFN)]

where, NI = nitrogen intake, FN = total fecal nitrogen, and UN =
total urinary nitrogen.

True BV cannot be calculated if protein catabolism for energy
is occurring. BV is usually calculated in growing animals. The
biological values of some common foods as determined in growing rats
are as follows (limiting amino acids are shown in parentheses): egg
100%, milk 92%, liver 79%, casein 78% (methionine), soybean meal 67%
(methionine), whole wheat 48% (lysine), whole corn 45% (lysine), and
gelatin 0% (tryptophan). Addition of the limiting amino acid can
substantially increase BV of most proteins. The BV of rumen
microbes 1is about 66-80%, owing, at least in part, to the high
nucleic acid content of bacteria.

Calculating Protein Requirements

If the net N requirement, true N digestibility and true
biological value are known, dietary N requirements can be
calculated:

Diet N (g/day) = Net N (g/day) / (True N Digestibility x True BV)

This method is useful for comparisons among species, but it
suffers from some disadvantages: (1) the actual amount of protein
required is often underestimated because animals on higher protein
diets tend to "waste" protein that could have been used more
efficiently had protein intake been low (i.e., BV declines with
increased protein intake); (2) the biological value of a protein
used for production can differ from its biological value when used
for maintenance; and (3) it is difficult to calculate the factors
of the equation unless allometric and predictive equations can be
used.

Another method for determining the dietary protein requirement
of an animal on a particular type of diet at a given level of dry
matter intake is the Nitrogen Balance Method.

N balance = N intake - N excretion.
When N balance equals zero, the maintenance N requirement is
achieved. When N balance reaches its greatest positive value, the

maximum growth requirement is achieved. The diets used in N balance
trials must always provide adequate energy to give valid results.
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percentage of total protein.

Indispensable amino acid composition of body protein (cat,

pig,

Standard Error N Range
Arginine 6.2 0.15 8 5.8-7.1
Histidine 1.9 0.11 8 1.6-2.6
Isoleucine 3.7 0.19 8 3.0-4.7
6.9 0.17 8 6.1-7.5
6.8 0.39 8 5.6-8.5
Methionine 1.8 0.05 8 1.6-2.0
1.6 0.21 4 1.0-2.0
Phenylalanine 3.7 0.11 8 3.2-4.2
2.7 0.10 4 2.5-2.9
Threonine 3.9 0.08 8 3.7-4.3
5.1 0.23 8 4.4-6.0

Reference: Robbins, 1983.

expressed as a







Table 3. Crude protein requirements of animals (X of diet on a dry matter basis).

Growth
Species or Group Milk Early Average Laté _Maintenance Gestation Lactation
Beef Cattle 26 26-12 15-7 7-8 8-10 9-11
Dairy Cattle 26 22-16 12 10 12 12-19
Sheep 25 17-15 15-9 9 1 13-15
Goat 22 8-11 10
White-tailed Deer 35 25-18 18-14 10-12
Horse 18 15 13-10 8 10-11 11-13
Rabbit 32 16 12 15 17
Pig 12 27-20 17-14 13 13 14
Dog 33 12
Fox 38 30-28 25 20 30 35
Mink 26 38 32-38 22-26 38 45.7
Cat 24
Rat 37 13 5 13 13
Mouse 31 14 20
Gerbil 16
Guinea Pig 36 20
Golden Hamster 42 17 .
Vole 14
New World Primate 28
old World Primate 9-15 17
Leghorn Chicken - 20-17 13 15
Turkey - 31-21 18-16 13 16
Goose - 24 17 17
Duck - 2 18 17
Pheasant - 33 18 20
Bobwhite Quail - 3 22 27
Japanese Quail - 27 22

Adapted primarily from NRC.  Milk values represent milk protein concentrations (dry matter
basis) usually at mid-lactation. Requirement values for the dog, cat, and rat represent
minimum requirements when fed purified diets. Values for other species represent requirements
for diets with typical ingredients and energy concentration.







loss, emaciation and muscle wasting, reduced feed efficiency,
impaired reproduction, ova and fetal resorption, reduced milk
production, rough and dull haircoat, poor feathering, reduced
resistance to bacterial infection, hypoproteinemia, edema, reduced
antibody formation, increased liver 1lipid concentration, and anemia.

Deficiencies of individual amino acids usually result in the
same nonspecific signs as general protein deficiency. However, some
amino acids do result in more specific deficiency signs.

Arginine deficiency...Omitting arginine from a single meal can
cause ammonia toxicity in juvenile dogs, juvenile ferrets, and cats
of all ages (Morris and Rogers, 1978; Thomas et al., 1986). It is
likely that most primarily carnivorous members of the Carnivora, at
least while young, are susceptible to an acute deficiency of
arginine. Signs of ammonia toxicity include vomiting, salivation,
ataxia, spasms, labored breathing, and death. Because arginine is
widely found in foods, particularly animal products, it is unlikely
that ammonia toxicity resulting from arginine deficiency would occur
in carnivores fed practical diets. An acute deficiency of arginine
does not result in ammonia toxicity in non-carnivorous mammals. In
birds, an acute deficiency can cause weight loss and eventual death.
Chronic deficiency results in abnormal, frizzled feathers in chicks
(NRC, 1984b). Cataracts have been reported in young gray wolves fed
a commercial milk replacer low in arginine (Vainisi et al., 1981).

Histidine deficiency...Reduced hemoglobin and hematocrit (dog, cat,
rat); cataracts (cat, rat).

Isoleucine deficiency...Tongue deformity (chicken); crusty exudate
around eyes, incoordination (cat).

Leucine deficiency...Tongue deformity (chicken).
Lysine deficiency...Lack of melanin in dark feathers (Gallinaceous
birds); dental caries, blackened teeth, hunched stance, ataxia

(rat).

Methionine/Cystine deficiency...fatty liver (most species - other
amino acids also), cataracts (rat).

Threonine deficiency...Neurological dysfunction, lameness (cat).

Tryptophan deficiency...Cataracts, corneal vascularization, alopecia
(rat, pig, guinea pig).

Taurine deficiency...Central retinal degeneration, congestive
cardiomyopathy, reproductive failure, neurological abnormalities of
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occur. Although the turnover of IDAAs may increase over normal
maintenance, the total amount of protein in the diet can often be
reduced by omitting amino acids that would go unused by the animal
and produce urea. Diets for kidney failure must contain adequate
metabolizable energy in the form of carbohydrate and fat to prevent
body protein catabolism.

Avian Gout

Excess protein intake has been suggested to predispose non-
passerine birds to arthritic and visceral gout. This effect has not
been clearly established although it is known that increased protein
can result in increased uric acid levels in the blood. When
abnormal uric acid deposition does occur, for example due to kidney
damage or a genetic defect in metabolism, reducing protein level and
feeding proteins with high BV can help slow progression of the
disease.

Ammonia Toxicity

Ammonia toxicity as a result of excess crude protein intake
is primarily a concern in ruminants receiving urea as a source of
NPN. Ammonia toxicity is generally not a major concern with wild
and exotic animals because NPN sources are seldom used. Because
feeds for domestic cattle often contain urea and because diets for
zoo hoofstock are often made by mills that also produce cattle
feeds, there is always a possibility that urea could unintentionally
get into the diets of exotics. To avoid ammonia toxicity in
domestic ruminants, urea levels in the diet should usually not
exceed 1% of the diet dry matter or one-third of the total crude
protein in the diet (NRC, 1984a). High energy, low protein diets
can be effectively supplemented with more NPN than low energy diets
with a high degradable protein content. Postgastric fermenters such
as the horse can tolerate higher levels of urea than ruminants.

Heat Stress and Water Deficiency

Heat produced by the deamination of amino acids is a major
component of the heat increment. Feeding high protein diets to
animals in hot weather can exacerbate heat stress.

High protein diets increase water requirements in mammals
because water is necessary to dilute urea for excretion.

Miscellaneous Effects

Feeding high protein diets to chickens can reduce growth,
reduce body fat deposition, and increase the size of the adrenal
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In the absence of sunlight, dietary vitamin D requirements range
from 200 to 2,000 IU/kg. Maximum tolerable dietary levels are 3,000
to 20,000 IU/kg.

Vitamin E. There are eight natural vitamin E compounds found in
lipid fractions of green leaves and in seed oils. Alpha-tocopherol
is the most biologically active, functioning to protect unsaturated
fatty acids in cell membranes against oxidation.

Signs of vitamin E deficiency are similar to those seen in
selenium deficiency. These include skeletal and cardiac myopathies,
exudative diathesis, hemolysis of red cells and anemia.
Encephalomalacia is also seen. Excesses of vitamin E interfere with
blood clotting, depress iodine uptake by the thyroid and depress
growth rate.

Dietary vitamin E requirements range from 20 to 100 IU/kg.
Maximum tolerable dietary levels are 1,000 to 2,000 IU/kg.

Thiamin. Thiamin is found in leafy forages and whole grains.
Simple deficiencies are uncommon. However, thiaminases in improperly
stored, frozen fish and antithiamins in plants, such as bracken fern,
destroy thiamin or interfere with its functions.

Deficiency signs include loss of appetite, decreased erythrocyte
transketolase activity, cardiac ventricular hypertrophy, sudden
cardiac failure and death. Large excesses block nerve transmission
and produce curare-like signs.

Dietary thiamin requirements are 0.5 to 3.0 mg/kg diet. Maximum
tolerable dietary levels may be as much as 1000 times the
requirement.

Riboflavin. Leafy forages are good sources of riboflavin. Seeds
are generally poor.

Deficiency signs include poor growth, skin hyperkeratosis,
anemia, corneal vascularization, and curled-toe paralysis in birds.
Excess riboflavin may impair reproduction (at 100 mg/kg diet).

‘Dietary riboflavin requirements are 2 to 4 mg/kg. Maximum
tolerable dietary levels have not been adequately established.

Niacin. Both nicotinic acid and nicotinamide have niacin
activity. These compounds are found in leafy forages and seeds, but
much of the niacin in seeds is bound and biologically unavailable to
nonruminants.

Deficiency signs include inflammation and necrosis of oral
tissues, anorexia, bloody diarrhea, dermatitis, central nervous
system disturbances, and death. Excesses produce transient
vasodilation of cutaneous blood vessels.

Niacin requirements are about 10 to 30 mg/kg diet. Maximum
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MINERALS

There are at least 23 mineral elements that have been proposed as
dietary essentials. The essential macroelements include calcium,
phosphorus, magnesium, sodium, chlorine, potassium and sulfur, and
their concentrations are commonly expressed as a percentage of the
diet. The essential microelements include iron, copper, iodine,
manganese, zinc, cobalt, selenium, molybdenum, chromium, silicon,
nickel, vanadium, tin, arsenic and lead. Their dietary
concentrations are commonly expressed in parts per million (ppm). At
present, deficiencies of molybdenum, silicon, nickel, vanadium, tin,
arsenic and lead are considered only laboratory curiosities.
Elements of practical importance in zoo diets are calcium,
phosphorus, sodium, iron, copper, iodine, manganese, zinc, cobalt and
selenium.

Calcium. Calcium serves a structural function as a part of bone
mineral but also has an important neuromuscular role and participates
in blood clotting.

Feed sources include legumes, 1imestone, dicalcium phosphate,
bone meal and dried skimmilk.

Deficiency signs include rickets in the young and osteomalacia in
adults. Excess calcium may decrease absorption of phosphorus,
magnesium and zinc.

Calcium requirements range from 0.2 to 2.75% of the diet.
Maximum tolerable dietary levels are 1 to 4%.

Phosphorus. Phosphorus is associated with calcium in the
skeleton and teeth. Phosphorus in soft tissue functions in energy
transformations, cell division and reproduction.

Feed sources include dicalcium phosphate, steamed bone meal, and
meat and bone meal.

Deficiency signs include rickets in the young and osteomalacia in
the adult. Anorexia and pica are also seen. Excessive intake may
induce nutritional secondary hyperparathyroidism and interfere with
absorption of calcium, manganese and iron.

Phosphorus requirements generally are 0.2 to 0.8% of the diet.
Maximum tolerable dietary levels are 0.6 to 1.5%.

Sodium. Sodium is a major extracellular cation. Deficiency
signs include pica for salt, anorexia and very low levels of urinary
sodium. In the absence of fresh water, excesses result in
neurological lesions and ataxia.

Sodium requirements are 0.08 to 0.30% of the diet. Maximum
tolerable dietary levels are 2 to 9% if fresh water is available.

Iron functions in hemoglobin, myoglobin and heme enzymes.

Iron.
A deficiency results in microcytic, hypochromic anemia. Excesses may
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loss, sloughing of hooves, joint erosion, anemia, and Tliver
cirrhosis.

Dietary reqtirements are 0.1 to 0.3 ppm. Maximum tolerable
dietary levels are 2 ppm.

Paper receiQed Octaber, 1989
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whichever department seemed to have enough supervisory
personnel to manage it - until last year when it was placed
in the veterinary department. Upon the arrival of a full
time staff veterinarian 4+ years ago, the mammal curator
began seeking cursory input from the vet before implementing

diet changes. The procedure went something 1like this:
keepers reported certain food preferences -- the supervisor
recommended altering the diet -- the curator discussed it
with the veterinarian and -- the diet was changed.

Theoretically, all changes were reflected by production of a
new diet card which was given to all affected personnel. If
there was a specific medical problem associated with a diet,
the curator and veterinarian would devise a new diet with
input from the Kkeepers as to what food items might be
accepted by the animals. This procedure worked fairly well
for mammals. However, for the bird department there really
was no centralized system of keeping track of diets, although
there were some diet cards maintained in various areas of the
zoo. In the reptile department there were no written records
of diets.

Initially, the veterinary department was only minimally

involved in the feeding program. However, factors that
indicated there was a need for evaluation of the feeding
program became evident subsequently. The first hint of a

problem was when it was discovered that monogastric
herbivores were being fed a pelleted concentrate containing
urea. Then, as data was accumulated on medical problems,
causes of death and incidental findings at necropsy it became
much clearer that not enough attention was being given to
assessing the nutritional status of our animals.

Specific medical problems that were seen whose etiologies
were determined to be due primarily to improper nutrition
were:

1) White muscle disease in white-handed piping guan and a
neonate giraffe.

2) Iron storage disease in Bali mynas, birds of paradise
and catbirds.

3) Obesity in great apes, reptiles and birds.

4) Starvation in ducklings due to inappropriate food items
being offered.

Problems that were multifactoral with improper nutrition
planing a major role were:

1) An unusual number of fractures in small antelope. This
occurred during a period of time when the animals had to be
confined totally indoors for a prolonged time during
inclement weather.

2) Splayed 1legs in a neonate small antelope. Due to
slippery barn floors it was difficult to judge whether the
splaying was a result of musculoskeletal weakness at birth or
improper substrate for footing.
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in-house, outside assistance was sought.

There are three critical steps that must be taken prior
to implementation of a nutrition study. They are: 1) The
need for such a study must be recognized by appropriate
personnel (curators, veterinary staff, director). This
recognition usually doesn't happen all at once. It grows
slowly as individual problems are discovered and discussed.
2) Expertise must be sought. In our case, although it was
felt that the Michigan State group was the most knowledgeable
in terms of overall captive wild animal nutrition, a
concerted effort was made to tap into local resources. Calls
were made to animal nutritionists within the state in an
attempt to generate interest in a cooperative venture.
Without exception none of our inquiries were successful.
Thus, Dr. Ullrey was contacted and the process begun. 3) The
third critical step is to find appropriate funding. In city-
operated zoos it is nearly impossible to get money budgeted
for a study like ours. Grant money is available through
various agencies such as Institute of Museum Services and
Nixon Griffis Foundation but often such sources are
unreliable or untimely. In our case our zoological society
was asked to fund the study. It is significant that up to
that point, the Dallas Zoological Society (in its 30 years of
existence), had only provided money for the purchase of
animals and some equipment items.

Once the need was recognized, the nutritionists had been
contacted and the zoological society targeted as the funding
agency, the process of writing a proposal, modifying it,
presenting it to zoo staff, modifying it and presenting it to
the 2o0o0logical society began. It took approximately 1 1/2
years from the first contact with Dr. Ullrey until his group
was actually on site at the zoo to implement the study.

In conclusion: determining the need to analyze the zoo
feeding program was based on the combination of identifying;
1) medical problems associated with improper nutrition;

2) quality control problems;

3) labor intensive practices; and

4) inflated costs.

Once the need was recognized, expertise was sought and
funding obtained.

The entire process depends on maintaining open lines of
communication among departments--within a zoo. Sometimes one
has to tread 1lightly when crossing lines between animal
management areas and medical areas so that one department
does not perceive an infringement on its area of expertise by
another department. If all personnel involved keep in mind
that the ultimate objectives are to provide high quality care
for the animals in our collections and to advance the level
of knowledge regarding how that is achieved studies such as
ours will be successful.
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THE COMPREHENSIVE EVALUATION OF A ZOO FEEDING PROGRAM

Mary E. Allen, Ph.D.
Allen and Baer Associates
14159 Castle Blvd. Suite 102
Silver Spring, Maryland 20904

INTRODUCTION

Knowledge of the nutritional composition of zoo
animal diets is obviously important to assure that
appropriate amounts and ratios of nutrients are provid-
ed. Sound feeding practices can and should form the
foundation of a preventative medicine program. Yet,
attempts are rarely made to systematically evaluate all
diets or the entire zoo feeding program, largely because
such evaluations are time-consuming and complex.

When a specific diet is evaluated it is usually
because of an obvious health problem. In the absence of
a staff nutritionist, diet evaluation is usually the
responsibility of veterinarians or curators who have
little time for thorough dietary review or for food
intake measurements. In such cases there may be little
attention given to methods of food preparation or to the
selection of alternate foods.

As stated in Dr. Raphael’s report (Assessing the
Need for an In Depth Study of a Zoo Feeding Program,
these proceedings), the need for such a review was
perceived by the staff at the Dallas Zoo. She has
described the initial steps taken to plan and budget for
this undertaking. I will discuss the evaluation process
from the nutritionist’s perspective.

The main objectives of a review of a zoo feeding
program are: the documentation of nutrient concentra-
tions in animal diets, evaluation of diet adequacy,
formulation of revised diets, recommendation of alter-
nate foods, evaluation of food handling, processing and
distribution methods, and evaluation of cost-effective-
ness of diets.
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4. Background Information

Before we arrived at the Dallas Zoo, we needed some
background information on the annual food budget, feed
tags and labels, a list of all foods used and current
diets fed, and a list of "problem" species whose diets
were considered high-priority. It was also helpful to
know something about exhibit characteristics and animal
distribution within the zoo so that the time needed in
each area could be anticipated.

5. Computer Capability

The timely evaluation of almost all of the diets in
a major zoo can only be accomplished with the use of a
computer program. The Zoo Diet Analysis Program (copy-
right 1984, David J. Baer) was used to calculate nutri-
ent concentrations, and to formulate proposed revised
diets. We also used this program to evaluate and com-
pare diet costs. Other programs which can be used for
zoo animal diet evaluation are now commercially avail-
able (e.g. Animal Nutritionist, N-Squared Computing,
Silverton, Oregon).

6. Laboratory Support

The nutrient composition of many foods and animal
feeds used in zoo animal diets is unknown. Part of the
time spent at the Dallas Zoo included the collection of
feed samples for laboratory analysis. Over 40 samples
of commercial feeds, vertebrate and invertebrate prey
and supplements were analyzed for dry matter, energy,
protein, fat, ash, fiber fractions, calcium, phosphorus,
magnesium, sodium, potassium, iron, manganese, copper,
zinc and selenium by the Comparative Animal Nutrition
Laboratory at the Department of Animal Science, Michigan
State University. This information was subsequently
entered into the data base of the computer program and
used in diet calculations.

Compositional information on foods commonly used in
some animal and human diets is readily available. 1In
addition to data generated from our own laboratory
analyses, we also used information of food composition
from the following sources:
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food. In many cases, animals did not consume all that
-‘was offered. It was therefore important to determine
‘the composition of the ingested diet. Adjustments were
made to weights of uneaten food, based on estimates of
losses due to desiccation or vermin. Some day-to day
variation in food pan preparation is expected when
duties are shared by many keepers. When possible, we
returned to areas to attempt to document and account for
any observed differences in amounts of offered food.

Food Preparation and Handling

The commissary prepared some food in bulk, includ-
ing meat mixes and "salads". Diets for primates birds
and most reptiles were prepared in individual kitchens
located in animal areas. The methods of food prepara-
tion and equipment used throughout the park were evalu-
ated for efficiency, sanitation and accuracy. We also
evaluated food storage conditions in the commissary and
in separate dry feed storage areas.

Calculation and Interpretation of Nutrient Concentra-
tions

Once we returned to Michigan State University, we
entered the collected data on offered or consumed diets
into the computer program. When the laboratory analyses
were completed, those data were also entered into the
computer data base. The computer program calculated the
composition of the entire diet and generated an output
which provided the concentrations of up to 46 different
nutrients. We then used a number of different sources
of information to make judgments about diet adequacy.

We compared these nutrient concentrations to standards
derived from estimates of nutrient requirements of
domestic animals. The adequacy of the diet for a given
species was also based on information of feeding habits
in the wild, the composition of diets used successfully
at other zoos, gastrointestinal tract morphology, data
on requirements, when known, of related or similar
exotic species and suspected or observed health prob-
lems.

The assessment and interpretation of diet adequacy
can be affected by a number of factors. The interpreta-
tion of evaluated diets must include such considerations
.as seasonal effects on intake. Diet intakes of animals
in Dallas in July may not be representative of intakes
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