






































retain it for longer periods of time and provide the fluid and
buffering environment required for the microbial digestive pro-
cess.

The prerequisites for efficient microbial digestion of large
quantities of plant material are provided by the presence of
either a voluminous, complex stomach or a voluminous, complex
large intestine. The latter appears to have evolved first. Few
nonmammalian vertebrates are herbivores. The cecum and proximal
colon of the herbivorous iguana are enlarged and contain projec-
tions of mucosal folds that delay passage of digesta (6). The
ceca of the herbivorous birds such as the rhea are large and
usually drawn into sacculations by longitudinal bands of muscle.
Retention of digesta in the large intestine of reptiles and birds
is further aided by antiperistaltic waves of contraction initiated
at periodic intervals from a pacemaker located in the muscular
wall of the cloaca.

Parra (8) noted that the relative volume capacity of the
digestive tract decreased with a decrease in a species' body
weight. From this, and the fact that the rate of metabolism per
unit body mass tends to increase with a decrease in body weight,
he concluded that small herbivores would require different strate-
gies for processing large volumes of plant material. In the rab-
bit (Fig. 1-A), the cecum provides the major site of digesta
retention and microbial digestion (9). A pacemaker, located in
the proximal colon, aids in the retention of cecal digesta.
Periodic and relatively rapid passage of cecal contents through
the large intestine provides the soft feces which are ingested
and recycled through the upper digestive tract, allowing digestion
of microbial protein and absorption of amino acids and B vitamins.
A similar construction of the digestive tract and process of
microbial digestion is seen in herbivorous rodents and other small
herbivores, although this is not always associated with
coprophagy.

The Tlarge intestine also is the site of microbial digestion in
larger herbivorous primates, the Perissodactyla (equids, rhinos
and tapirs) and the elephants. In these animals, however, the
colon is sacculated and much more voluminous with the proximal
colon serving as the major site for microbial digestion. The
colon of equids (Fig. 1-B) also is compartmentalized into ventral,
dorsal and small colonic segments and a pacemaker has been
demonstrated at the junction of the ventral and dorsal colon (10).
The colon of the rhinoceros (2-A) and the elephants (2-B) are
constructed in a similar manner.






Some results of improper diets or dietary regimens can be
demonstrated by considering their effect on the major end products
from microbial digestion of carbohydrate. The VFA, which are the
principal end products, have a pKy of 4.8. The microorganisms
responsible for their production cannot survive at a pH below 5.5.
Digesta is normally maintained at a relatively neutral pH by rapid
absorption of VFA and secretion of large quantities of HCO3 by the
salivary glands, pancreas and digestive tract. Ingestion of
excessive amounts of starch or sugar results in rapid production
of VFA in the forestomach of ruminants. This can rapidly decrease
the pH of digesta, increase the rate of VFA absorption and replace
normal microorganisms with lactobacillus which produce lactic
acid. The rapid production of VFA and, especially, lactic acid
can result in a hypertonic digesta that draws water into the rumen
producing a systemic dehydration. The rapid absorption of VFA can
produce necrosis and ulceration of rumen epithelium, rumen atony
(immotility) and a systemic acidosis. Similar results can be
expected with overfeeding starch or sugar to other herbivores in
which the stomach is the major site of microbial digestion. This
can result from rapid conversion to high starch diets, feeding
this type of diet to entice anorexic animals to eat, or allowing
the public to give captive animals food high in sugar or starch
content.

A similar syndrome can occur in herbivores in which the large
intestine is the major site for microbial digestion. Substantial
quantities of starch and sugar can escape into the large intestine
under normal feeding conditions when concentrates are fed in a
single meal and this can be increased by increasing the amount of
dietary starch or feeding normal levels to starved animals (14).
Malabsorption of carbohydrate by the upper digestive tract, as a
result of various digestive diseases, can have the same effect.
Addition of excessive amounts of starch or sugar to the large
intestine results in a similar production of VFA, lactic acid and
hypertonic digesta. This can result in diarrhea as well as other
diseases of the large intestine.

The earliest mammals are believed to have been small car-
nivores that fed on insects or other invertebrate species. The
herbivores appeared much later. Their ability to subsist on plant
material low in starch, sugar, essential amino acids and B vita-
mins is accomplished by complex structural and functional adap-
tations of their digestive tract. The diet and feeding schedule
of captive herbivores should be organized with this continually in
mind.
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Rabbit (Oryctolagus cuniculus)
Body Length:48cm ' Pony (Equus caballus)
Body Length:164 cm
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Rhinoceros (Diceros bicornis)
Body Length:3.2 m

African Elephant (Loxotonda africana)
Body Length: 3.3m
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NUTRIENT REQUIREMENTS OF SHEEP/DEER

Feed Daily Nutrients Per Animal
PER
Body ANI-~ Z DE DE PRO-
WT GAIN MAL LIVE TDN (MCAL) (MCAL) TEIN
(KG) (GM) (KG) WT. (KG) SHEEP DEER* (GM)
EWES
27 136 1.2 4,5 .68 3.0 3.1 136
36 91 1.4 4.0 .73 3.2 3.2 127
45 64 1.5 3.4 77 3.4 3.4 118
54 32 1.5 2.8 77 3.4 3.5 109
RAMS
36 181 1.4 4.0 91 4.0 4.0 145
45 136 1.7 3.7 «95 4.2 4.0 145
54 91 1.9 3.5 <95 4,2 4.0 145
64 45 2.1 3.3 1.04 4.6 4.6 145
73 45 2.2 3.0 1.09 4,8 4.4 145
LAMBS
27 159 1.2 4,5 .68 3.0 3.3 145
32 181 1.4 4.4 - .82 3.6 3.8 154
36 204 1.5 4.3 .95 4.2 4.1 163
41 204 1.7 4,2 1.04 4,6 4.4 163
45 181 1.8 3.9 1.09 4.8 4.4 163

Manuals such as the one referred to above are available from the
National Academy Press* covering nutrient requirements of at least 15
categories of domestic animals including dogs, cats, sheep, horses,
dairy cattle, beef cattle, rabbits, mink and foxes, poultry, swine,
non~human primates, laboratory animals and three classes of fish.

Each of these was compiled (and updated every few years) by expert
speclies subcommittees of the Committee on Animal Nutrition of the
National Research Council (NRC). I suggest that this full set should
be most useful in any zoo, and that much valuable information on
nutrition, care, and management of most zoo animals could be gleaned
from the NRC manual for their respective most closely related domestic
species., Nutrition nowadays is an advanced science and there should
be little "voo-doo” involved in applying fundamentals of nutrition
which have been established by research on domestic and laboratory
animals. Neither should rations for zoo animals be much more expen-
sive than livestock feeds. I once made a respected wildlife biologist
friend very angry by insisting that a temporary problem we were having

*National Academy Press, 2101 Constitution Avenue.
N.W., Washington, D.C. '

20418,
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All of these problems are exaggerated by what I see as the weakest
link in the zoo—animal management chain. The zoo keepers I have dealt
with have been mostly good conscientious workers who are dedicated to
their jobs and have a genuine love for the animals in their care.
However, only one of them had had a little training in animal husban-
dry, and that was backed up by very limited experience. Most keepers
I know are city people with little previous experience with animals,
and they are restricted by union and zoo regulations to work schedules
that leave most of the animals unattended for at least twice as mamy]:
hours as they are attended. Weekly time—off, holiday, and vacation:,
schedules often result in fill-in workers with even less experience
who get their instructions from a mimeographed sheet on the bulletin.
board. These keepers are the people who have the most important jabs
in the zoo-daily contact with the animals, and supposedly the respan-
sibility for reporting problems to a supervisor (often a person with..
similar background but more seniority). Many of them do not know hgw
to recognize signs or symptoms that an animal is in trouble until it
1s down and often beyond help.

Perhaps in fairness it should be admitted that some animals arei
housed in poorly lighted areas and some are in group housing situa—,, .
tions where individual feed comsumption 1s difficult to observe, ete.
Also both keepers and supervisors may be "spread too thin” and must .,
rush to complete chores on schedule. But if there is, in my opinion,
an area where zoos could "save money by spending money" it would be in
employing adequately trained staff in sufficient numbers to be sure
that every animal is closely observed, at least dally, by someone who
knows animals. Savings in animal replacement could more than cover,
such costs.

These few slides are shown partly to i1llustrate my point about
recognizing healthy animals and partly, I admit, because I can't i1
finish any conversation without bragging about Penn States' blue
duilkers,., Note the glossy hair coat - the bright eyes and alert
appearnce - clean ears - good color - the "bloom” of perfect health in
both mother and baby. Another good indication that both are healthy
is that the lamb is just under three weeks of age and has more than
doubled its birthweight, We weigh all lambs daily from birth, and all
adults weekly. We also record feed consumption daily for each pen,
most of which house trios (1.2). This herd now numbers 24 (6.17)
including 5 (1.4) young born since September 6, and 18 (5.3) adults
which arrived at Penn State on April 12, 1982 after having been
individually caged in tea boxes since capture and during a full year
of battling quarantine and import arrangements.
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main site of microbial activity. In this case, microbial fermentation
precedes gastrointestinal digestion. The most obvious representatives

of this group are animals such as cattle, sheep, goats, giraffes, deer,
antelopes, camelids, hippos, macropod marsupials, sloths and leaf-eating
monkeys. The second category includes those animals with an enlarged
hindgut in which gastrointestinal digestion occurs before microbial fer-
mentation. Some of the most important representatives of this group
include equines, tapirs, rhinos, rabbits and hares, capybara and smaller
rodents, hyrax and elephants. This classification does not imply that,
in a given animal, there is only one site of microbial fermentation since,
in ruminants, there is considerable microbial activity in the cecum and
colon, and in the horse, hamster and rabbit, there is significant fermen-
tation in the stomach (Alexander and Chowdhury, 1958; Alexander and
Davies, 1963).

Fermentation efficiency is affected by several factors, one of which
is rate of digesta passage. Blaxter (1963) noted that maximal digestion
occurred only if passage of feed was subjected to a delay at those sites
where microbial action occurred. He also noted that, when rate of passage
was increased, the depression in apparent digestibility was greater for
poor quality feeds than for those of high quality. Any effect of rate of
passage on digestibility will be mainly on the fiber components of the
diet since they are those most affected by microbial action.

The microbial population of the digestive tract of herbivores is
mainly the consequence of host animal diet, bath with respect to composition
and numbers of bacteria present. It does not seem probable, therefore,
that differences between ruminant and non-ruminant herbivores relative
to the efficiency with which they digest the diet could be accounted for
only by intrinsic differences in the microbial population. The general
characteristics of the fermentation sites of both types of herbivores are
similar and the microbes have the capacity to adapt to changing environments,
more specifically, the availability of substrates.

Nutrient Digestion as Affected by Fiber

The digestive ability of an animal is generally measured by digestibility
trials in which some components of feed and feces are measured and compared.
Available data indicate that few if any differences among ruminant and non-
ruminant herbivores occur with respect to digestion of soluble plant
fractions. Results obtained with cattle (Van Soest, 1967) and sheep (Parra
et al., 1972) show no effect of lignification on digestibility of cellular
contents. The effect of lignin was restricted to the fibrous carbohydrates.
Similar results were obtained with horses (Fonnesbeck, 1969). This
evidence conflicts with the hypothesis that availability of cell components
is lowered by entrapment in lignified cells (Drapala et al., 19474 Bell,
1971). Argenzio and Hintz (1971) found that less of the available dietary
carbohydrate was digested enzymatically by horses as cell wall content
of the diet increased and, in other studies, fiber content depressed the
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Table 1. Apparent digestibility estimates of the nutrients in
sudan or oat hay when consumed by Lucky or Maya.

No. of Composition (% or kcal/g) or apparent digestibility (Z)a
Item samples DM CP EE NDF ADF AL Ash SS GE

May, 1978

Sudan Hay 3 93.2 7.4 4.2 68.0 43.4 5.2 9.3 11.1 4.26
Lucky 3 41 50 29 36 25 - - 100 37
Maya 3 37 45 33 30 18 - - 100 34
Mar, 1981

Oat hay 2 93.1 4.1 3.0 58.4 38.1 5.9 6.2 28.3 -
Lucky 7 36 8 12 22 9 - - 81 -
Maya 7 29 44 38 3 10 - - 92 -
Aug, 1981 :

Oat Hay 3 92.9 3.7 2.9 62.2 36.7 4.2 5.5 25.6 4.37
Lucky 3 40 9 4 33 22 - - 86 43
Maya 3 35 35 36 22 1 - - 100 42

aComposition expressed on dry matter basis. Acronyms identified as follows:
DM, dry matter; CP, crude protein; EE, ether extract; NDF, neutral detergent
fiber; ADF, acid detergent fiber; AL, acid lignin; SS, starch and sugar;

GE, gross energy.
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dietary methionine). The goslings fed the .24% supplemental
methionine diet (0.53% dietary methionine) did not show greater
weight gain than those fed the .16% diet. This suggests that the
methionine requirement of geese up to 28 days of age is between
0.45 and 0.53% of the diet. Feed consumption increased as
methionine supplementation increased, however, feed efficiency
(1b. gain/lb. feed) increased only slightly with .16% supplemental
methionine.

Between 28 and 66 days of age, the geese fed the .08%
supplemental methionine grower diet displayed greater weight gains
(Table 4). Feed consumption and feed efficiency were not affected
by the additional methionine.

Although the results of these experiments do not specifically
define the methionine requirement of geese, goslings probably
require between 0.45 and 0.53% dietary methionine up to 28 days
of age. 1In addition, geese seem to benefit from the addition of
.08% methionine to their grower diet.

The goslings fed no supplemental methionine during the
experiments showed slightly abnormal feather development. Although
the feathering abnormality was not a serious problem with processing
the commerical geese, an abnormal pattern of feather development
could be disadvantageous in the wild.

ENERGY

To maximize weight gains, birds require energy to utilize
efficiently the protein and amino acids provided by the diet.
Chickens and turkeys do not metabolize high fiber, marginal feeds
well and derive little or no energy from them. A common misconception
is that geese differ from chickens and turkeys and effectively
utilize fibrous materials. Some scientists have speculated that
through bacterial fermentation and digestion in the ceca the goose
derives energy from marginal feed. However, Mattocks (1971) reported
that geese do not digest an appreciable amount of cellulose in feeds
due to a lack of cellulolytic bacteria in the digestive tract,
including the ceca. Geese do not metabolize marginal feeds well
even when these feeds constitute the major component of the natural
diet. Burton et al. (1979) reported that three-square bulrush
rhizomes, the natural diet of Lesser Snow Geese are metabolized
poorly (1.41 - 1.45 kcal ME/g).

One reason geese seem to thrive on poor quality feedstuffs is
the rapid passage rate of food through their digestive tracts.
Another reason is the relatively large muscular gizzard (1.65% of
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Food odor is usually not important. Although
some oilbirds and kiwis are believed to locate feed by
its odor, most species do not seem to have a strongly
developed sense of smell.

Feed taste appears to have something to do with
preference. Most species seem to have taste buds, which
may account for their preference for a sweet feed over
other taste. Birds also rely on vision for feed recog-
nition.

The shape, size and physical form of the feed are
very important to acceptability. Certain feeding drives
must be met if conditions are to simulate the natural
habitats. For example, the seed cracking beak of parrots
and bill strainer of a flamingo must be kept in use, lest
these structures overgrow. Again, feed should be supplied
to those species that tend, in nature, to eat frequently
during the day in such a way as to occupy a substantial
amount of time. The daily cycle of the species in ques-
tion is important as it relates to the time of presenting
feed. Such nocturnal birds as owls will not eat until
dark. Many birds (i.e. insectivorous species) feed in
nature only on live, moving objects.

Social factors influence the feeding habits of birds.
For example, chickens in groups eat more and gain more
weight than when fed in isolation. Newly captured birds
are more readily trained to feed when placed with others

of their kind. When birds are kept in groups, competition
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(amino acid), vitamins and certain trace minerals. These species
have been readily induced to consume small (3/32"), hard pellets
of balanced composition. Free choice oyster shell or cuttle-
bones are placed in the cage along with some extra green feeds
during the breeding season.

Diets for parrots and cockatoos present a particular challenge
for development. Several versions of pelleted feeds utilizing altered
size, texture, flavof and color have been tested. Currently, the
best of these diets is available in pellets (3/8") with a firm tex-
ture. Similar products were also devised for soft-billed birds
(toucans and hornbills, etc.). The successful feeding program at
this stage appears to be one utilizing approximately three parts of
a formulated feed and making up the balance with various supple-
ments. Fruit eating birds are supplemented with fruits that are
seasonally available such as apples, oranges, bananas, etc.

Meat eaters are given either live or freshly killed rodents or
chickens. Invertebrates that may be offered in limited amounts

to captive birds include fruit flies, mealworms, bee larvae, earth-
worms and crickets.

The pigment content of feed is important to some species such
as flamingos and woodpeckers. The dietary pigments or their

derivatives are transferred to the bird's feathers, beak, shanks,

and flesh. Specially formulated flamingo pellets (5/32") containing

LA 4

both shrimpmeal and carotenoids are now used. This diet is designed
to maintain its integrity in the water.

Table 9 shows a series of formulated diets. Many others are
still in the experimental stage. The long-term effects on health

and reproduction have yet to be determined even if diets are
-113-







Oftedal of National Zoological Park, Dr. T. R. Zeigler of Zeigler
Bros., Inc. and the author. An earlier version of this paper was
presented at the 1981 annual meeting of the American Federation of

Aviculture in San Diego, CA.
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MARMOSET NUTRITION

James D. Ogden, D.V.M.
Director, Marmoset Research Facility
Immunology/Microbiology, Department
Rush-Presbyterian-St. Luke's
Medical Center
1753 West Congress Parkway
Chicago, I1linois 60612

Our thanks to the Board of Health, City of Chicago for the space in
which we maintain our colony.

Nutrition of Callithricids is comparatively simple and yet agonizingly
difficult. The basic requirements (e.g.protein, carbohydrate, and fat)
are well known to all of us, but which source of protein, amount of fat
type of carbohydrate, various trace ingredients, vitamin D3 origin,

et al, pose challenges to all of us to properly maintain olr marmosets
and tamarins.

b

To further compound this situtation, each of the some 43 species and
subspecies of marmosets and tamarins appear to require varying amounts
of the above ingredients and definitely consume vastly different
volumes of fluids on a per kilogram bodyweight basis.

Closely related (actually enmeshed in their overall health status)

are their widely varying behavioral needs. To meet their nutritional
parameters and ignore their ''psychological' ones, or vice-versa, will
result in a mutual conclusion---unthriftness, rough pelage, weight loss,
poor reproduction, and ultimately will result in their deaths.

Marmoset colonies maintained in zoological parks possess a distinct
advantage over those in biomedical research facilities such as ours,

in that, the former can more closely simulate the animals' natural

diet and ambient conditions than we are capable of. Because each species
of animal life possesses its own indigenous virus(es) and because our
fields of endeavor are primarily in virological areas, we dare not feed
"raw'" (non-sterilized) animal food sources lest we contaminate our
"clean' animals with viral agents that could lead us to incorrect con-
clusions following our investigational procedures.

Further, as most biomedical research facilities are located in very
expensive structures, cost efficiency is a prominent feature causing
us to maximize every square foot of animal space and this usually
results in sub-optimal housing for the animal.
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Additives for mixing water (continued)

Monday 5 cc Aqueous Vitamin Dy (6)

Tuesday 20 cc Pediatric Folic Acid Solution (4)
Wednesday 10 cc Vitamin A (8) + 1" grated carrot
Thursday 2 Tbsp Ascorbic Acid Powder

Friday 7 cc Aqueous Vitamin E (9)

Saturday 1 cup Raisins

Sunday 2 Tbsp Ascorbic Acid Powder

The amount of food offered (and hopefully consumed) daily should
approximate (on a dry-weight basis) 5% of the animal's body-
weight. As the bodyweights of the marmosets vary from some 125

gm (Cebuella pygmaea) to more than 800 gm (Leontocebus sbsp.),

the servings can vary considerably --- the larger animals receiving
less/Kg bodyweight than the smaller and vice-versa.

Water intake, as mentioned earlier, varies widely with the species
and also with the amount of fluid in that day's diet (e.g. fruit,
MAD, etc.).

Do not overlook the behavior aspects --- basically, give these
animals the maximum cage space available, especially in the vertical
dimension. Without adequate housing and personnel that move slowly
and quietly the best diet will prove insufficient for your colony.

Vitamin D, requirements may be met nutritionally as we have
attempted, or may be attained via natural sunlight (outdoor housing)
or utilization of U-V lights, keeping in mind that the common sun-
lamp's output of U-V radiation is greatly diminished after 1 meter
distance from the source.

Summarily, adequate nutrition when coupled with warm, moist, quiet,
and spacious housing together with caring personnel should result
in a self-sustaining marmoset colony.
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AN EVALUATION OF THE ANTHROPOID APE DIETS
AT THE WOODLAND PARK ZOOLOGICAL GARDENS

Daniel L. Higginbottom
Nutritional Consultant
Woodland Park Zoological Gardens
5500 Phinney Avenue North
Seattle, Washington 98103

INTRODUCTION

The evaluation of the ape diets at the Woodland Park Zoo in
Seattle did point out several factors of potential value. The
study included the examination of the gorilla, orangutan, and
gibbon diets. Recent and past blood surveys were also considered.
The more significant of these findings which I will discuss
included reproduction and the gorilla, dietary considerations of
the geriatric animal, and obesity and the introduction of
alternative feed items.

REPRODUCTION AND THE GORILLA

Reproductive success through the years has generally been
quite poor for gorillas in captivity. The first birth of a
gorilla in a zoo was at Columbus, Ohio in 1956. Through 1977,
there have been 460 gorillas kept in captivity and 174 births
(Olney, 1978). A recent survey by Beck (1982) indicates that
there have been few recent captive births and the captive

~population may be in danger cof not sustaining itself,

For several years, electroejaculation has been used to
evaluate fertility in the great apes. Abnormal sperm morphology
and low sperm counts are a common finding indicating that a high
percentage of the animals ejaculated are infertile (Platz, 1979).
Testicular biopsy has been another safe and valuable technique to
evaluate fertility in gorillas. Biopsies from 6 captive adult
gorillas were collected or solicited from other zoos by Dr. Jim
Foster of the Woodland Park Zoo (Foster and Rowley,1982). The
most significant finding was that spermatogenesis was interrupted
in the spermatid stage in each case examined. There was a failure
for the development to continue to the spermatazoca stage. This
maturation arrest occurs in about one-third of human male
infertility cases.

Maturation arrest in spermatogenesis is currently not well
understood. A number of explanations have been suggested for
the gorilla. Among these are exposure to noxious environmental
agents such as insecticides in the zoo setting. Also, considering
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TABLE 9-ORANGUTAN NUTRIENT ANALYSIS

Nutrient Composition (Dry Matter Basis)
Crude protein 19.18 %

Ether extract 3.87 %

Crude fiber 5.26 %
Metabolizable energy 3769 Kcal/kg
Calcium 0.664 %
Phosphorous 0.452 %

Food composition tables Compi]ed from:

National Research Council 1966 United States and Canadian table
of feed composition. Publication 1684, National Academy of
Sciences Wash. D.C.

Burnell, R.H.; Keating, J.; Quaresimo, G.K. 1965
Alpha - Tocopheral content of food, American Journal of
Clincal Nutrition 17:1
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ON A BALANCED DIET, WE REINSTATED WHAT WE USED IN THE PAST. IT’S A GELATIN DIET (WHAT WE CALL A GORILLA GELATIN
DIET, A HIGH FIBER TYPE OF GELLED DIET) WHICH IS VERY PALATABLE TO THESE ANIMALS, ABOUT TWO YEARS AGO DUE TO
STOCK SHORTAGES IN THE COMMISSARY AREA WE HAD TO CANCEL THE GORILLA GEL. UNTIL ABOUT 2 MONTHS AGO WE HAD NOT RE-
PEATED IT AGAIN. WE USED TO FEED THE GORILLA GEL ON A CAFETERIA OR FREE CHOICE BASIS. THE ANIMALS PREFERRED THE
GEL IN THE FIRST PLACE EVEN TO FRUITS AND VEGETABLES. FRUITS AND VEGETABLES WERE THE SECOND CHOICE. BROWSE WAS
MORE OR LESS ON THE SAME LEVEL AS FRUITS AND VEGETABLES, AND IN LAST PLACE WERE THE COMMERCIAL FEEDS, IN ORDER
TO REDUCE THE CALORIC CONTENT OF THE DIET WE ARE TRYING TO SWITCH FROM BANANA OR REDUCE THE NUMBER OF BANANAS (A
HIGH CALORIC TYPE OF FRUIT) AND INCLUDE MORE LEAFY TYPE OF VEGETABLES LIKE LETTUCE, ETC.

Q:  WHAT PROPORTION OF THE DIET NOW WINDS UP BEING THE PREPARED MONKEY BISCUITS TYPE DIET?

OvARZUN: THESE ANIMALS GET ABOUT ROUGHLY 700 GMS OF COMMERCIAL PURINA DIET, THEY ALSO GET ONE KILO OF FRESH VEGETA-
BLES, CELERY, ETC. GELLED DIET, ON A DAILY BASIS, ABOUT 600 GMS, THE REST IS MADE UP OF FRUITS AND VEGETABLES,
| CAN'T REMEMBER EXACT PROPORTIONS RIGHT NOW. THE AMOUNT OF COMMERCIAL FEED IS NOT MUCH, ITS ABOUT 700 GMS PER
ANIMAL MAXIMUM INTAKE,

Q: SO THE SOLUTION, IN THAT CASE, 1S TO GET AWAY FROM THE CAFETERIA PROBLEM, YOU JUST MAKE SOMETHING THAT YOU CAN ALTER
THE MAKEUP OF, YET IT’S HIGHLY PLATABLE,

GvARZUN:  YES, MAKING UP A GEL DIET COULD BE AN ANSWER BECAUSE OF THE HIGH PALATABILITY. YOU CAN PRODUCE A GET WITH A
HIGH FIBER CONTENT, AS HIGH AS YOU WANT, BY INCLUDING RAW PRODUCE, WE USE ALFALFA MEAL, WHEAT BRAN, ETC.

CHAH:  ['D LIKE TO ADD A COMMENT TO THIS. SPECIALTY FEEDING 1S A UNIQUE PROBLEM, THE BASIC APPROACH FROM A NUTRITION
STANDPOINT, BEING IDENTICAL TO WHAT WE'VE FOUND IN BIRDS. IN OTHER WORDS, WE TRY TO CUT DOWN THE CALORIC COMPOSI-
TION OF THE DIET, SO THAT THE ANIMALS WILL PROSPER. BOTH OF THESE DIETS THAT WE HAVE FOR PRIMATES ARE COMPOSED, IN MY
OPINION, OF A HIGH CALCRIC CONCENTRATION, [N OTHER WORDS, 2U4-28% OF PURINA MONKEY DIET HAS ABOUT 3800 KCAL OF
CALORIC CONCENTRATION, THIS 1S PERHAPS KNOWING THE OVERACTIVITIES OF A GORILLA, [T 1S ABOUT TWICE AS MUCH CALORIC
REGUIREMENTS ON A LAY TO DAY BASIS, ACCORDING TO MY EXPERIENCE. IF YOU HAVE A UNIQUE PROBLEM COMPLETING THAT TYPE
OF DIET, YOU COULD PERHAPS CONTACT THE MANUFACTURER TO CUT DOWN ON THE CALORIC CONCENTRATION AND REPLACE THAT WITH
SOMETHING ELSE, DIGESTIBLE FIBER OR ANY KIND OF BULKY INGREDIENT TO REPLACE THAT INGREDIENT. YOU CAN STILL FEED A
COMPLETE FEED, WITH ALL THE NECESSARY VITAMINS AND MINERALS INCLUDED, AND YET CUT DOWN ON THE CALORIC CONSUMPTION
BY HALF. YOU CAN AT LEAST MANAGE YOUR OBESITY PROBLEM BY FEEDING THAT KIND OF FEED.

COMENT: | JUST WANTED TO SUGGEST THAT THERE IS AN ANSWER IN THE MAKING. THERE IS A NEW PROJECT OF THE AAZK WHICH WILL
INVOLVE COLLECTING ALL ZOO ANIMAL DIETS, INCLUDING NOTES ON ACTIVITY PATTERNS AND OVERALL CONDITION OF THC ANIMAL.
THIS WON'T BE AN INSTANT ANSWER TO ANYTHING, BUT EVENTUALLY YOU'LL HAVE STATISTICS ON A LARGE VARIETY AND POPULATION
OF ANIMALS, BECAUSE WE ARE TALKING ABOUT ALL ANIMALS IN CAPTIVITY, | WOULD SUGGEST THAT IF YOU WANT TO MAKE SUGGES-
TIONS TG THE COMMITTEE, IT’'S THE SOUTH FLORIDA CHAPTER THAT IS GOING TO BE HANDLING THIS NOTEBOOK, AND ENCOURAGE THE
KEEPERS AT YOUR INSTITUTION TO PARTICIPATE IN GETTING THE DIETS TOGETHER.

Q:  WAS THAT THE DIETS CONSUMED OR THE DIETS THAT WERE OFFERED?

A: | WOULD HOPE THAT IT WOULD BE DONE FROM BOTH POINTS OF VIEW, WHAT 1S CONSUMED AND WHAT 1S OFFERED. THE STATISTICS,
HOW IT WILL BE HANDLED, AMD THE FCRMAT OF THE MOTEEOOK ARE RIGHT NOW BEING CREATED. [ WILL SUGGEST THAT TO THEM.

CrTEDAL: | WOULD JUST LIKE TO POINT OUT SOME GF THE LIFFERENCES IN MEASURING DIETS ON A WET OR DRY WEIGHT BASIS. IF
YOU HAVE LETTUCE SITTING OVERNIGHT IT’'S LOSING WEIGHT AND IT'S NOT BECAUSE THE ANIMAL IS EATING IT, AND ALSO FOR
MOISTURE CHANGES IN YOUR MONKEY CHOW WHICH TEND TO GAIN WEIGHT BECAUSE THCY GET WET IN SOME CASES, SO YOU MAKE
THOSE KIND OF CORRECTIONS AND YOU LOOK AT THEIR ACTUAL CONSUMPTIONS, THEY MAY BE QUITE DIFFERENT FROM WHAT YOU'RE
OFFERING, WHEN YOU RECALCULATE ON A LRY MATTER BASIS IT’S REALLY DIFFERENT FROM WHAT YOU'RE OFFERING. WE WERE
OFFERING ABOUT 2/3'S OF THE WET WEIGHTS OF OUR DIETS AS PRODUCE AND KALE, AND THEY ACCOUNTED FOR ABOUT A QUARTER
OF THE DRY MATTER INTAKE.

Q: | wouLD LIKE TO KNOW IF DR, OFTADAL CAN COMMENT ON SOME OF THE ETILOGY OF SOME OF THE GASTRIC BLOAT IN FEEDING LEAF
EATING MONKEYS,

OFTEDAL:  HOPE EVERYONE WAS IMPRESSED BY DUAME'S PICTURE OF THE FOREGUT OF THE LANGUER, ESPECIALLY THE TREMENDOUS VOLUME
OF THAT, OF COURSE, IF YOU ARE GETTING VERY RAPIDLY FERMENTABLE SUBSTRAINTS INTO THAT FORE-STOMACH, IT SITS AND
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HIGHLY PALATABLE, HIGH ENERGY PROTEIN SOURCE, THIS WAS JUST MASHING UP ZU-PREEM MONKEY CHOW, PUTTING ENOUGH BANANA
WITH IT TO MAKE IT STICK TOGETHER, AND MAKING SMALL PALATABLE SOFT BALLS THAT THE BABIES WOULD TAKE. [’VE BEEN
CONCERNED THAT IN LEAF EATERS, THAT IF THE BABIES STARTED EATING THIS AS THEIR FIRST CHOICE AND STAYED AWAY FROM
THE Z00 SALAD, THAT YOU MIGHT HAVE SOME PROBLEMS THERE. YET THIS HAS SEEMED TO WORK WELL IN SOME OF THOSE OTHER
SITUATIONS, WHERE MOM IS NOT TEACHING THEM, OR HOWEVER IT IS THAT THEY NORMALLY PICK UP THE HABIT OF STARTING ON
THE HARD MONKEY BISCUIT, AS MOM STARTS KICKING THEM AWAY, THAT'S PART OF AN ANSWER AND PARTLY QUESTION; WHAT WOULD
BE YOUR FEELINGS ON USING THIS AS A CRUDE MANAGEMENT TOOL FOR LEAF EATERS.

OFTEDAL: | SUPPOSE YOU COULD TRY TO FIND SOME WAY. [ THINK CERTAINLY TEXTURE IS IMPORTANT. SOFTENING DIETS FOR WEAN-
ING, IN LOTS OF DIFFERENT ANIMALS, INCLUDING CARNIVORES WHERE THERE IS A COMMON WEANING PRACTICE TO PROVIDE A HIGHER
MOISTURE, SOFTER FOOD, SO I THINK THAT IS A SOUND IDEA. WHCTHER BANANA IS THE BEST ROUTE TO GO, IT SURE HAS THE
PALATABILITY EFFECT, DR, OGDEN MIGHT BE ABLE TO TELL US ABOUT SOME OF THE PROCEDURES USED WITH SOME OF THE MORE
DIFFICULT TO FEED LAB ANIMALS., 1 KNOW SOME PEOPLE ARE USING APPLE SAUCE AND THINGS LIKE THAT TO TRY TO INDUCE THEM
TO EAT COMMERCIAL MONKEY CHOW, NEW WORLD MONKEYS IN PARTICULAR.

OGDEN:  BASICALLY THIS IS WHAT WE DO WITH OURS, WE START THEM IN WITH SOMETHING THAT IS QUITE ACCEPTABLE, APPLE SAUCE
OR BANANA BABY CEREAL, SOMETHING OF THIS TYPE, AND THE COMMERCIAL MONKEY FOOD. THEN GRADUALLY DECREASE THE AMOUNT
OF BABY CEREAL OR THE APPLE SAUCE., WITHIN A PERIOD OF A MONTH THEY AREN'T GETTING ANY OF THAT AT ALL, THEY ARE ON
STRICTLY THE COMMERCIAL FOOD.

Q: ARE YOU POWDERING THAT TO MIX IT IN? ARE YOU USING THE ZU-PREEM OR HARD DIET?

OGDEN: BOTH, WE FEED BOTH THE CANNED AND THE HARD BLOCKS. SO WE'LL TAKE THE POWDERED MATERIAL OUT OF THE BOTTOM OF
THE BAG THAT NORMA: 'Y YOU WOULD THROW OUT, WE MIX THAT RIGHT IN WITH THE APPLE SAUCE OR BANANA, THE SAME WAY WITH
THE CANNED FOOD, WE'LL JUST MIX THAT IN WITH THIS MIXTURE, THEN GRADUALLY DECREASE THE AMOUNT OF THE BANANA OR THE
APPLE SAUCE, SO IT BECOMES MUCH MORE OF A NORMAL CONSISTENCY,

UFTEDAL: ONE OTHER PROBLEM THAT ONE HAS TO CONSIDER WOULD BE DOMINANCE RELATIONS AND BEHAVIORAL PROBLEMS IN FEEDING IN
A GROUP SITUATION. IF YOU'RE TRYING TO GET A SPECIAL FOOD FOR THE BABY YOU ARE OBVIOUSLY GCING TO HAVE TO MAKE SURE
IT GETS TO THE BABY.

CHaH:  INTRODUCING THE HARD DIET AND JUST THE ENERGY AND PROTEIN DEFICIENCIES THAT RESULTED FROM THE LACK OF PALATABIL-
ITY, 1S THAT WHAT LED TO THE WASTING MARMOSET SYNDROME?

OGDEN:  THAT'S A DISTINCT POSSIBILITY, AS OF THIS DATE THERE ARE SOME 36 LABORATORIES THAT ARE CORRELATING THEIR FIND-
INGS AND STILL NOBODY KNOWS EXACTLY WHAT THE CAUSE OF THIS WASTING SYNDROME IS, [ THINK IT IS A MULTIPLE THING, I
DON'T THINK YOU‘RE GOING TO FIND ANY ONE CAUSE. IT MIGHT BE DIETARY, ENVIRONMENTAL OR BEHAVIORAL. SoME 1'VE SEEN
HAVE RESPONSED JUST TO TREATMENT AS AN IRON DEFICIENCY PROBLEM VERY, VERY WELL, THERE IS A PROBLEM, [ THINK WITH A
LOT OF THESE COMMERCIAL FOODS, WHEN USING SOY BEAN AS A PROTEIN SOURCE. IT’S ALRIGHT FOR YOUR LEAF EATERS BUT YOU
HAVE YOUR OMNIVOROUS ANIMALS WHICH IN THE WILD ARE RELYING ON A MEAT SOURCE, YOU GET INTO A DISTINCT NUTRITIONAL
PROBLEM IN THIS RESPECT. WHEN IT GETS INTO THE PHYSIOLOGY WHERE YOU GET A METHEMGLOBIN FORM INSTEAD OF A HEMO-
GLOBIN FORM YOU HAVE QUITE AN ANEMIA DEVELOP, IN Z0OS, YOU HAVE A DIFFERENT WAY AROUND 1T, YOU CAN FEED THEM THE
LIVE ANIMALS, BUT WE CAN'T DO THAT IN OUR FACILITY DUE TO OUR VIROLOGICAL STANDING. IF YOU CAN FEED THE NATURAL DIETS
IN THE Z00, THEN THAT’S MUCH BETTER FOR THEM,

VAN HOVEN:  DR. OGDEN, IN POST MORTEMS THAT WERE DONE ON MULE DEER IN COLORADO WHICH DIED ALSO OF A WASTING DISEASE, THEY
FOUND LITTLE VACUOLES IN THE BRAIN, [ WAS WONDERING IF ANY POST MORTEMS ON THESE MARMOSETS INDICATED ANYTHING
SIMILAR?

OGDEN:  NOT TO MY KNOWLEDGE. BASICALLY, IT'S BEEN A LOSS OF SKELETAL MASS, BODY WEIGHT, UNTHRIFTNESS, LOSS OF PELAGE,
THINGS OF THIS TYPE, FREQUENTLY DIARRHEA, 80% OF THE TIME, ANEMIA IS A VERY FREQUENT FINDING ALSO. A LOT OF IT
SEEMS TO TIE IN WITH SEVERE MASSIVE LIVER PROBLEMS, BUT WE DON'T KNOW WHAT THC ETIOLOGY OF THAT IS, [ THINK MANY
TIMES THE DIARRHEA 1S DUE TO AN OVERGROWTH OF VIBRIO ORGANISMS, CAMPYLOBACTER. WE'VE FOUND THAT TO BE PART OF THE
NORMAL FLORA AT LEAST OF MARMOSETS-LOOKS LIKE IT’'S A DOSE RELATED INCIDENT., THE ANIMAL IS HARBORING 10,000
CAMPYLOGACTER WITH NO PROBLEM, IF IT GETS UP TO A MILLION, HERE COMES THE DIARRHEA. SOMETHING TO CONSIDER IF YOU
ENCOUNTER THIS IN ANY OF YOUR SPECIES.

Q:  ISN'T IT TRUE THAT THERE IS SUBSTANTIAL VARIATION AMONG SPECIES OF THE CALATRUSES IN RELATIONSHIP TO THEIR SUSCEP-
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NUTRITION OF HERBIVOROUS EDENTATES:
TWO-TOED AND THREE-TOED SLOTHS,
Choloepus sp. and Bradypus sp.

Dennis A. Meritt Jr.
Assistant Director
Lincoln Park Zoological Gardens
Chicago, I11linois 60614

The order Edentata contains the anteaters, armadillos and sloths,
three unique forms of mammal. The word edentate is indeed a mis-
nomer, for the anteaters are the only members of the order without
teeth. The armadillos and sloths each have teeth but these are
rootless, peglike and lack enamel; they grow continuously through-
out the animals life. While it is often reported that the number
of teeth in these mammals are greatly reduced, this is incorrect.
Edentates are confined to the New World, with the vast majority of
species restricted to Central and South America.

Sloths are members of the family Bradypodidae and are herbivorous
as well as arboreal. Sloths have pouched stomachs capable of hold-
ing fair quantities of rather bulky food (Grasse, 1955). Of the
two living genera of tree sloth, Choleopus and Bradypus, the latter
has a more complex stomach and also is more folivorous in its feed-
ing habits.

Bradypus, the Three-toes sloth is rarely exhibited in Zoological
Gardens and at the present time there are none exhibited in any
North American facility. Choloepus, the Two-toed sloth is exhibited
in Zoological Gardens but not commonly. Of the two species of .
Choloepus, Hoffmann's sloth, C.Hoffmanni is usually exhibited while
the so-called Common Two-toed sloth, C.didactylus is infrequently
maintained. This is more a reflection of availability than of
acclimation to a captive environment and a successful nutritional
regimen. Both forms of Two-toed sloth can be acclimated to captive
conditions without difficulty while the Three-toed sloth rarely
adjusts to captive conditions. The failure of Three-toed sloths to
adjust to captive conditions is not only a reflection of inadequate
diet but also of inadequacies of environment, as well as the
behavioral and physiological uniqueness of the animal itself.

Work on edentates has been pioneered at the Lincoln Park Zoological
Gardens. Beginning in 1969 it centered about the nutritional needs
of edentates as an order. Initially an assessment of diets in the
wild for each form were made then substitute foods were chosen from
produce and food products readily available to us. The need for
choosing not only comparable food items, but those that were nut-
ritionally sound, acceptable and palatable was important. Careful
consideration was also given to those food items which were available
on a twelve month basis. Obviously, each of these considerations in

itself was important but the latter had the largest impact on the
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