QUESTICN:

RESPONSE:

QUESTION:

RESPONSE:

'WILLIAM A. RAPLEY, D.V.M. QUESTIONS AND COMMENTS

What proportion of organ meat and muscle are used in your
carnivore diets?
In the plain and the feline diet it 1s muscle meat and

horsemeat. In the beef by-products, which 1s the bear

‘diet, there is a wide variety of organ material used,

e.g., spleen, lung, liver, kidney, etc. Now Sergio,

our Nutritionist, 1s looking at more beef by-products

in our other carnivore mixes. There 1s good economic
sense here because including labor the beef products and
the plain horsemeat products cost about $0.50/pound
(banadian dollhf%) before vyou 20% discount and the bear
diet 1s less than $0.40/pound including labor.

It looks like the system works excéedingly well going
down through the system, but for the keeper who is feed-
ing the animals it looks as though there might be difficul-
ties for them to get the feeling that they were really
involved and committed in making suggestions to modify
fhe diet. How do you overcome that problem?

Well it 1s a problem and it is a very good point. We try
to convince the keepers that what we are doing Is working
by observing the improvements we have made in any of the
animals over the years such as the Reindeer, Black-tailed

Deer and so on. We try to sell them on this idea and we
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try to get them to become involved with the studies; the
weighing controls, the weighing of amounts offered, the
weighing of remains, the weighing of the animgls on a
routine basis, etc. I think that's a pretty good
stimulus in that area.

QUESTION: How do you control the feeding of the beef heads since I
understand they sometimes can produce an undesirable odor?

RESPONSE: They are only fed in the holdings and they are only fed
overnight, whatever is left over is removed the next day.
We have only used the ox tails a little bit because they
are fairly expensive. We would like to look into this
more especially horse tails as they are available to us.

I think the fact that they are not fed in front of the
public controls that particular aspect.

COMMENT : At the Metro Toronto Zoo in the case of the cubs though
the half shank bones are left in and the public does not
seem to object at all.

RESPONSE: Oh, yes. The half shank bones for tiger cubs were put
out and it was announced to the public when they were

put out. We did not have any complaints in that area.
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FEEDING PROGRAMS AND NUTRITIONAL RESEARCH
AT THE WORLD FAMOUS TOPEKA Z0Q

Gary K. Clarke, Director, World Famous Topeka Zoo

George G, Doering, D.V.M., M.S5., Research Nutritionist, Theracon Labs, Topeka, K5

Gary K. Clarke, Zoo Director:

I mentioned to Mary Allen that 1 really did not want much of an
introduction, and I must say -- that wasn't much of an introductionm.

I personally am delighted that the Lincoln Park Zoological Gardens
and the Chicago Zoological Park have joined together to spensor this
conference on the Nutrition of Captive Wild Animals. It is an important
area of Zoo management that deserves to be addressed in {ts own right.

I recall starting my Zoo career in the middle 1950's as a young
Keeper at the Kansas City Zoological Gardens, I was interested in all
aspects of Zoo operation and animal management, and made careful notes
and observations on anything and everything -~ including diets, I was
surpriged at how many peanut butter and jelly sandwiches were fed to the
collection -~ from gorillas to glephants. I later learned that the
Director of the 200 at that time was particularly fond of peanut butter
and jelly sandwiches. I do think the state of Zoo nutrition has advanced
somewhat since those days.

As my career continued 1 became an Animal Department Supervisor at
the Fort Worth Zoological Perk, primarily in the Bird Depariment. Like
all Zoos, we were extremely conscientious of budget limitations and we
always were on the lookout for abargain., One day the city market
contacted us and advised that they had a surplus of heets. We stored
several tons of beets in every nook and cranny of the Zoo and fed them
primarily to the bird collection in the Tropical Bird House. Most of
the exhibits were "jewel box" displays in habitat settings with rocks,
branches, and green plants. The effect of the beets in the birds' diet
resulted in the birds pasaing a bright red atool, which was deposited on
the rocks, branches, and green plants. This, in turn, alarmed the Zoo
visitors who made a continuous path to the diet kitchen service door
and yelled at the Keepers saying "Hey, your birds are bleeding out here."
Quickly, we changed the diet.

When I arrived in Topeka as a brand new Zoo Director we had no
budget line item for animal food. Everyday one of the Keepers would
make the rounds of the grocery stores and plck up hoxes of discarded
lettuce leaves and overripe produce. Unfortunately, the grocery store
employees usually considered these boxes as simply trash and garbage,
and we ended up with old cigarette butts, pleces of wire, and other
undegirable foreign material.
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The Zoo did not buy meat for its big cats -- it depended upon
the Highway Patrol to advise them of road kills and cattle truck
accidents on the Kansas turnpike or neighboring highways, and someone
from the Zoo would go out and pick up the carcasses. These would
then be butchered and hung in the delapidated walk-in cooler and fed
sporadically to the cats. Since cleaning procedures were rather lax
at that time, many bones had been washed down the drain over the years
and one of the first tasks I faced was having the entire sewer line

along the cat row dug up and replaced.

1

We had no central commissary system and the small kitchen facility
would be filled with all the Keepers in the Zoo at the same time --
both of them. There was no rhyme nor reason as to what and why certain
items were fed, and no records were maintained on anything. There were
lots of problems and some of them were certainly nutritional in origin.

At this point in time I thought regularly of the Philadelphia
Zoological Gardens and the fact that they had, right on the Zoo grounds,
the Penrose Research Laboratory with a full time qualified staff to
assist the Zoo in nutritional problems. Obviously, this was beyond
the means of a modest Zoo like Topeka, which was extremely limited in
size, staff, and budget. However, I felt very strongly that the Zoo
should participate in scientific activities, and could do so on-a
cooperative basis with qualified individuals in the 'community. Thus,

a cooperative nutritional research program was developed that continues
to have positive and lasting benefits for the Zoo.

From the local researchers' point of view, our Zoo is a unique
resource for scientific investigation. It provides a collection of
exotic animals under captive conditions that are rather typical 'of
most other Zoo situatioms. It provides a staff that works on 'a daily
basis with the collection. From the Zoo's point of view, the cooper-
ative program offers the professional expertise of specialists in a
given field, and the opportunity to improve and develop new procedures.
The researchers are available for consultation and advice on a variety
of other matters and it is like having additional staff without 1

additional payroll.

In the mid-1960's I contacted Mark Morris, Jr., D.V.M., Ph.D.,
with reference to some of the nutritional problems we were experiencing
at the Zoo. Dr. Morris and his staff responded as much for community
service to the Zoo as anything else, and this working relationship
evolved into an on-going nutritional research program over the last
15 years. The most dramatic result of this program is in the area of
prepared diets. Much of our collection is'now being fed prepared diets
and we feel there are many benefits including: 1) quality control and
standardization of the food, 2) easier preparation which saves labor,
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3) improved reproduction in the animal collection, 4) greater longevities
in the animal collection, and 5) an excellent system of daily record
keeping on what is fed, what is consumed, mtool quality, and haircoat

conditions.

Another very important facet of the program is the involvement of
Keepers and Commissary Workers in the research program, George Doering,
D.V.M., of Theracon Labs works on a close personal basis at the Zoo
with the Zoo staff in the mechanics of actually introducing new diets
or improved forumulations to the various speciles, :

I have presented our cooperative research program from the Zoo
administrator’s point of view and would now turn the program over to
Dr. Doering to give you a perspective from the researcher's point of

view,

George Doerimng, D.V.M., M.S8.:

You have been informed of the history and mechanics of our
nutritional regearch program in Topeka, I would like to impart some of
the knowledge we have gained., This information has not only benefited
animals at the World Famous Topeka Zoo, but captive and research animals

all over the world.

I. BASIC NUTRITIOMAL PRINCIPLES

Initially nutritional principles derived from domeatic animals and
man were applied to captive animals.

A, Al]l Mammals Require Six Essential Nutrients to be Supplied
Daily for Optimum Performance. These Nutrients Include:

1. Water, the most important nutrient, is 70% of the adult
welight, and 95% of the weight of newborn snimals. Water
aide in palatability, digestion, circulation and exeretion
via urine, stool and sweat,

2. Protein, made of 22-26 nitrogen containing amino acids, is
an important part of all tissues, including muscle, tendons,
bone, blood, milk, skin, hair, nails and hooves. Protein
can alsoc be used for energy but is more expensive than fat

and carbohydrates.

3. Fat, lipids or ether extract is necessary for energy,
palatability and glossy hailrcoats.
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4, Carbohydrates, or nitrogen free extract (NFE), are broken
down to glycogen and glucose and used for energy by all
cells. Cellulose is degraded in ruminants to assimilable

acids and used for energy.

5. Vitamins are essential for numerous metabolic chemical
reactions and transfer of energy.

6. Minerals, or ash, are 21-26 elements required for structure
of bones, hemoglobin, hormones, and catalysts in enzymatic
reactions.

It is Essential That the Nutrients be Available in Adequate but

Balanced Ratios to Each Other. Excessive vitamin-mineral

supplementation can be detrimental. The diet must contain
enough energy so that poor eaters still recieve a balanced
diet in the small amount that they eat.

Daily Record Keeping is of Extreme Importance. The diet fed, the

amount fed, amount consumed, stool quality and amount, and general
condition of the animal are essential data for nutritional studies
and ongoing information concerning the well being of the animal.

Overfeeding or Underfeeding is not Practiced. Rather than be

offered a set amount of food each day, animals who ate less food
and yet maintained their weight were offered less food. Animals
who consistently consumed all of their ration were offered
increasing amounts, provided excessive weight gain or diarrhea
did not occur. The detrimental effects of obesity are well
documented. Obese captive animals do not live as long, have
poor reproductive histories, are poor surgical risks, and cannot
tolerate excessive hot weather. In addition, it costs more to
feed an obese animal. In contrast, thin animals lack resistance
to combat disease or parasitism, and do not adapt to extremely
cold weather.

Fast Day for Mature Felidae is Observed on Sunday. This seemed
like a natural phenomenon, and no adverse effects have been
noted in over 15 years of practice. Fasting also saves on food

costs and labor.

IT. DEVELOPMENT OF DIETS FOR VARIOUS ANIMAL GROUPS

A.

Exotic Felidae Diet - Prior to 1966, the World Famous Topeka
Zoo was having difficulty raising cubs of the large felidae.
Problems presented in the young cubs were collapsed chests and
pathologic limb fractures. Gary Clarke consulted with

Dr. Mark L. Morris, Jr. about feeding large cats. The major
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food offered to the cats was horsemeat and read kills., Diagnoses
of cubs which had died were classic examples of nutritiomal
secondary hyperparathyroidism.

This condition results when meat alone is fed to young growing
animals. Rapid bone growth requiree extra dietary calcium and
phosphorus in contraast to maintenance mineral requirements for
adult cats.

Meats have a severely inverted calecium;phosphorus ratio (See
Table I). In order for the body to balance and excrete the
absorbed phosphorus from the meat with calcium, the voung cub's
bones are demineralized as a source of calcium. The results of
a prolonged dietary Ca:P imbalance (normal should be 1.2-2:1)
are folding and pathologic fractures of leg bones and collapsed
chests because of fractured ribs.

Dr. Morris developed a balanced diet by combining horsemeat,
chicken, animal fat, cereal grain, fiber, vitamins and minerals.
Ground grain and fiber were added to approximate the vegetation
consumed when cats eat the intestinal contents of naturally
killed prey. The diet was canned and feeding trials conducted.
Acceptance of the canned diet was excellent., Repreductive
performance was significantly improved. A feline diet was also
developed in frozen blocks to decrease the labor costs of opening
cans, In 1978 a water reconstituted exotic feline dlet was
developed. Meat meals, animal fat, fiber, vitamins and minerals
were combined with a jelling agent into a dry meal. When water
is stirred into the dry mixture and time allowed for jelling,

a ready-to-eat dlet with the texture of cooked meat loaf results,
This diet can be cut and handled as chunks. The reconstituted
feline diet has maintained jaguars, bobcats, African lions,
Bengal and Siberian tigers and American lions. For finicky
eaters, reconstituted diet and water can be blended with a
percentage of more expensive frozen or canned diet, further
reducing the overall cost of feeding collections of large felidae,

Bird of Prey Diet - A bonded pair of golden eagles maintained
at the World Famous Topeka Zoo were observed mating. Since no
captive golden eagle palrs had succesafully hatched chicks,
consultation concerning their nutritional requirements was
requested. The diet of the eagles had been chunk horsemeatr,
beef hearts and an occasional rat or rabbit. Since the natural
prey of golden eagles 1s rats and mice, whole carcass nutritional
analyses of laboratory animals were conducted. Research was
then conducted to develop a frozen meat base diet with an
analysis similar to that of a whole rodent's body. Another
ocbjective in the development of this diet was for it to have
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the fibrous texture or consistency of meat. This is necessary
so the bird of prey can grasp a chunk of the diet in its talons
and fly from a feeding stump to a perch or nest where the food
is consumed.

In 1971 the first successful captive hatching and raising of a
chick was accomplished by the golden eagle pair. As a result,
the Topeka Zoo received the Bean Award for the first captive
reproduction in the species. The pair was fed only the bird of
prey diet. Housing consisted of two joined baseball backstops,
perches, stumps and nesting materials. The birds did not mate
while in flight, as we have been led to believe.

Ratite Diet - Ratites are the large flightless birds, including

ostriches, cassowaries, emus and rheas. This diet is pelleted
and based upon the nutrient requirements of the rapidly growing
domestic turkey. Special nutritive requirements for ratites
include increased amounts of minerals for egg shell development
and for bone development of the chicks. Manganese and selenium
are also present at above normal amounts.

Growing ratites can develop a condition called "straddled leg
syndrome' and the exact etiology is unknown. The amount of
energy in a ratite diet is restricted by adding dietary fiber.
This slows development and seems to aid in prevention of the
straddled leg syndrome.

Two dietary management problems were encountered and solved in
developing the ratite diet. Incubator hatched chicks did not
have the instinct to eat, which is acquired in the wild from

the male parent. Placing a chicken with the newly hatched
chicks solved that problem as the ostrich chicks imitated the
pecking of the chickens. Crop impactions were a common occur-
rence in growing rhea chicks. They would ingest, to their
detriment, twigs, leaves and rocks, and anything else they could
swallow, in addition to their prepared diet. Raising the chicks
on artificial turf instead of dirt solved the impaction problem.

Primate Diet - Dry primate diets developed for research centers

have been available for over 20 years. It has been documented
that new world primates require vitamin D3 in their diet. If
only vitamin D7 is supplied, nutritional secondary hyperpara-
thyroidism will develop. This is very similar to the syndrome
in felidae. Folding fractures, large fibrous jaws, loose teeth
and death result. This syndrome was known as 'cage paralysis"
until pathologists documented the condition.
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Smaller primates and pro-simiana did not relish dry or
moistened primate biscuita, A complete balanced caaned

primate diet was developed from cereal, eggs, milk, sugar,
vitamins and minerals. This moist canned form was very
acceptable to the smaller primates. Improved reproduction

and elimination of bone disease resulted from the use of

this diet. Management improvements included less labor
preparing diets of fruits, vegetables and supplements. The
costs of procurement, preparation and storage of the natural
diets were far in excess of the canned diet. Because vitamin

C is required for primates and is degraded by the manufacturing
process, it 1s essential that natural sources of vitamin C
(oranges) be offered daily.

In many Zeoos primates are given alfalfa hay, carrots, potatoes,
bananas, oranges and other fruits and vegetables, Iin addition
to their primate ration. Much time is consumed (behavioral
modification) while eating high molsture roughage foode and
pulling leaves off the hay stems, Scmetimes it is found the
vegetable or "zoo salad" part that is fed comsists of over

60% of the diet by weight. Such a dilet is deficient in protein
and energy.

Marmosét Diet-~ Cooperative marmoset dietary research was
performed by Theracon Laboratories, Topeka, Kansas, and the
Texas Dental Schoel, Houston, Texas. It was determined that
marmosets and tamarins require four times the level of vitamin
Dy required by other new world primates. Therefore, the
canned marmoset diet contains this excessive level of vitamin
D3. This amount is toxic fer non-marmosets.

Marmosets are involved in research projects as animal models
for colon cancer and dental problems. A palatable balanced
canned ration simplifies the feeding of large colonles of
marmosets. As with other primates, a natural source of
vitamin C (orange slices) 1s necessary.

Polar Bear Diet - Polar bears are known to eat fish and seals
in the wild. Thus, at zoos it was accepted that captive polar
bears had to have fish for survival., The procurement, storage
and nutritional quality of frozen fish leaves much to be desired.
Some fish contain an enzyme, thiaminase, which breaks down the

B vitamin, thiamin. Frozen fish under long storage conditions
contain deficient levels of vitamin E and may contribute to an
inflamatory disease condition of the bear's fat, known as
ateatitis.
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It was originally thought that polar bears do not eat mammals
or fish with intestinal contents containing vegetation,
therefore, the assumption was made that polar bears probably
cannot digest carbohydrates.

Two young easily-handled polar bear cubs were available at the
Topeka Zoo to conduct digestion studies. These cubs were fed
diets containing carbohydrates, and their feces collected and
analyzed. It was determined that they did indeed digest
carbohydrates just as other bears. Later research conducted
along Hudson's Bay determined that stomach contents of polar
bears in the summer contained vegetation and small vegetation
consuming mammals.

A dry expanded biscuit-type diet was then developed for polar
bears similar to the omnivore diet available for other bears.
Fish meals, meat meal, cereals, fat, fibers, vitamins and
minerals were balanced into this palatable diet that adequately
maintains polar bears. No supplementation of fish is necessary.

ITII. FUTURE OF CAPTIVE ANTMAL NUTRITIONAL RESEARCH

Since 1966 numerous commercial captive animal diets have been
developed and marketed for felidae, canidae, birds of prey, ratites,
omnivores, carnivores, reptiles and soft-billed birds. Because of the
limited market and small sales volume, some of the diets are no longer
commercially available. The future will likely see the use of more dry
and/or water reconstituted products to save the severe labor intensive
inflationary costs of shipping, freezing and canning. Water is an
essential nutrient and aids the texture and palatability of a food.
Water is inexpensive but when the cost of shipping the weight of added
water is added on, the cost of frozen and canned diets is increased.

The interest in nutrition that has developed at zoological parks in
the United States and Canada in the past five years is enlightening. At
least three zoos in the United States and Canada currently have full time
nutritionists. Several other zoos utilize local nutritionists on a
part time basis, or have a consulting nutritionist available. These
nutritionists are able to evaluate the nutritive value of certain diets
and make proper adjustments or recommendations. It is the goal of a
nutritionist to maximize the genetic potential, reproduction and life
span of specific species by feeding them a diet most suited to meet
these goals. It is our hope that our continued efforts will aid the
health and longevity of numerous species and especially the endangered
ones. As inflation and space encroachment increase in the decades to
come, nutritionists will have the task of developing balanced diets
using ingredients that are then available and reasonable in price. We
envision our future as challenging and dynamic.
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TABLE I

" CALGIUM: PHOSPHORUS RATIOS :°
VARIOUS MEATS AND FELINE DIETS -

Chicken Necks, including Bones

Whole Chicken 1.
Chicken Meat, no Bomes

Hamburger and Chunk Beef, no Bones
Horsemeat

Beef Heart

Beef Liver

P e e N
- LT - " - -a e
B W
O o

Feline Diets . 1.3-2:1
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GARY K. CLARKE AND GEORGE G. DOERING, D.V.M., M.S,
QUESTIONS AND COMMENTS

COMMENT : You really have not definitely established what the
nutrient requirements of the marmoset are.

RESPONSE: Yes, I know. This is something that we did not do. There
has been some work done in this area in Texas.

COMMENT : There is evidence that at least some prosimians have the
ability to synthesize Vitamin C but I am not saying that
we should not provide Vitamin C.

RESPONSE: It is a situation of behavior modification too. In our
case, we do not put any Vitamin C in the products so what
is there has survived processing. It is up to your

discretion to add any extra.
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A PRELIMINARY REPORT ON THE USE OF GELATIN-BASED DIETS FOR Z0O ANIMALS

Sergio E. Oyarzun, P.Agr., M.Sc., Animal Nutritionist
Carla Santor, H.B.Sc.(Dietetics), Commissary Assistant
Metropolitan Toronto Zoo

P.0. Box 280, West Hill, Ontario, Canada MI1E 4R5

The Metro Toronto Zoo has been exploring the use of gelatin-
bound diets for several animal species since 1975, This type of
foodstuff was not originally intended to be used as the sole ration
for the animals, but rather to be included as a portion of the daily
ration. In this way the gels have served more like "carriersg' for
providing additional protein,vitamins and minerals in a "package"
form. This eliminates much of the traditional practice of "sprink-
ling" supplement powders on the diets of those species where no
suitable commercial feeds are available,

Gelatin-bound purified diets for Rainbow trout (WOLF, 1951) and
Chinook salmon (HALVER, 1957a) have been used to Investigate the
nutrient requirements of these two species of fish, Both authors
found that the use of gelatin as a binding agent proved to be a most
useful tool in basic research.

A synthetic inert binder, carboxymethylcellulose, has also been
used for the same purpose in studies with purified diets for Chinook
salmon (HALVER, 1957b; DeLONG et al, 1958). Binding substances are
conmonly used by feed manufacturers in the production of pelleted
rations, As an example, lignosol is used as a binding agent to gilve
the necessary firmmess in pelleted feeds for livestock.

Gelatin-bound diets for aquarium fishes have been previously
described by REICHELT & JOYNER (1965) and PETERSON et al (1966).
Based on this 1idea, the Metro Toronto Zoo first introduced a gelatin
diet in the feeding of the aquarium fish collection in early 1975,
This diet was a modification of the gelatin diet developed in 1964
at the National Aquarium in Washington, D.C. as reported by PETERSON
et al (1966).

More recently the use of gelatin apparently has been extended
to the development of new commercial zoo feeds. The Zu/Preem Feline
Instant diet developed by Hill's Division, Riviana Foods, and the
Flamingo-Fare diet from Reliable Protein Products, appear to be
gelatin-bagsed diets (however gelatin is not listed as an ingredient
component in these diets).

Since 1975, many other gelatin-based diets have been developed

at the Metro Toronto Zoo. These were developed to solve immediate
practical feeding and/or nutritional problems. As an example, the
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Primate gelatin diet was first designed for use as a medium for
supplementing a fresh source of vitamin C plus other nutrients
such as protein, minerals and the rest of the vitamins to the
daily ration for the great apes whose diet consisted mainly of

fresh fruits and vegetables.

The seven gel-diets presently in use include the turtle gelatin,
lizard gelatin, fish gelatin, soft-billed bird gelatin, primate
gelatin, fruit bat gelatin, and hornbill gelatin. As their versa-
tility and acceptability have become more and more obvious, they
are now under review to further improve their nutrient composition
with the purpose of developing formulas that could be fed either
as the sole ration or to be included as a large percentage in the
daily ration for these animal species.

The gelatin powder, basically 917 protein in its composition,
is not used as a source of protein. Gelatin completely lacks one
of the essential amino acids(Tryptophan) and with the exception of
Arginine is also deficient in most essential amino acids. It also
contain excesses of some non-essential amino acids (Glycine). Gela-
tin has a very poor Biological Value (12-16) as compared to meat
proteins (B.V. = 72-79), cereal proteins (B.V. = 50-65), or whole

egg protein (B.V. = 100).

Gelatin as the sole source of protein can not satisfy the needs
for amino acids of an immature animal and will not permit normal
growth, thus, in preparing a gel-diet a combination of proteins from
different sources must be included in order to ensure a good amino
acid balance in the final product.

The use of gelatin in diet formulation provides several advan-
tages derived mainly from its physical properties. Gelatin powder,
when dissolved in hot water and mixed with the rest of the diet compo-
nents, congeals upon cooling, forming a network of cross-bonds which
binds all the ingredients together into a homogeneous mass. The gel
formed can be flexible and rubberlike or fudgelike depending on the
amount of gelatin powder added and the nature of the ingredients
dispersed in the mixture.

One of the biggest advantages of the gel-diets is the ease of
preparation. Large or small amounts can be prepared as needed. It
can be done by hand-mixing all the ingredients in a bowl, or by using
a blender, food processor machine, or a commercial-type mixer such as
the Hobart vertical cutter-mixer model VCM-25 for preparing larger

quantities.

For gels which will be used in an area with air temperatures
above B0-90 F, a larger percentage of gelatin powder must be included
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in the formula to avoid melting. Gels with high density also
require higher percentages of gelatin powder as a high concen—
tration of dry ingredients can interfere with bonding of the
gelatin molecules. -

The ease of storage is another definite advantage in the
use of gel-diets. It keeps well under refrigeration and frozen
gels, when thawed, retain good consistency and can be chopped
or torn into any desirable particle size or shape -as required
by any particular animal apecies.

Animal acceptance of all the gel-diets presently in use at
the Metro Toronto Zoo is very high, with excellent palatability.
Gorillas will accept the Primate gelatin diet as readily as fresh
fruit, while Orang-utans have proved to be more reluctant to accept
this type of foodstuff. Fish-gel is very well accepted by all the
Barbs and Tinfoils, the Rasboras, Distichodus, Black sharks, and
the Moonlight gouramis. The turtles and clawed frogs generally
eat the Turtle-gel readily. For those species not accepting it
outright, slivers of gel are offered inserted in pieces of fish

or other diet components.

As a food for animals in an aquatic environment, the gel-diets
are especially useful, The gel does not disintegrate in water
{maintaining both form and texture) thus conserving the Integrity
of the dietary components and producing less tank turbidity than
traditional foods such as beef heart.

Extensive control of ingredients and processing methods is
possible with on~site production of the gels, Modifications and
adjustments of formulas are alao easily carried out.

One gel-diet currently undergoing evaluation at MTZ 1s the
Turtle gelatin diet. The ingredient and nutrient composition of
this diet {s shown in Table I. A long term study was designed to
test the adequacy of this diet against a commercial herptile diet
{(Zu/Preem Herp Diet) and a control group receiving the normal MIZ
turtle ration. The reaults will be evaluated based on growth and
development of Red-eared turtle hatchlings (Chrysemys scripta elegans)
and on subsequent reproduction once these animals reach maturity.

In Figure 1 the preliminary results on growth for one of the
two groups under study are shown. These animals, from birth to 5
months of age, were fed on the normal MIZ turtle ratfon (T2) and
then distributed to the different diet treatments by taking into
consideration age, body welight, etc., in order to obtain comparable
groups of 5 specimens, each with an average Initial body weight of
15 grams. The growth curves shown in Figure I represent average
body weights for the 5 individuals in each group, from age 5 to 12
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months. The animals on 100% Turtle gelatin diet (Tl) are so far
achieving the best growth rate, as compared to those on the normal
MTZ turtle ration (T2) and the Zu/Preem Herp diet (T3). The results
on growth for the turtles in the second study group are not as
conclusive and require further evaluation.

Another factor that leads one to assume that the Turtle gela-
tin diet may be a suitable food for these animals derives from the
fact that reproduction of the Red-eared and Blanding's turtles in
the collection has increased considerably since the introduction
of this diet. This diet was first introduced in 1976 and since then
its percentage in the daily ration for these animals has been in-
creased consistently. In Table II the number of viable hatchlings
produced since 1977 is shown. For 1980, figures shown include
hatchlings produced to the end of July of that year.

The Fruit bat gelatin diet (Table III) is an example of a gel-
diet developed to solve an immediate nutritional problem that arose
in 1977 in our Indian flying foxes (Pteropus giganteus). These
animals, up to November 1977, were fed on a "traditional" diet of
mixed, chopped fruits supplemented with a protein-vitamin-mineral

powder.

In September 1977 we had a total of 17 bats in the collection.
During the period from September to November of that year 4 animals
died and six of the remaining individuals developed a condition
characterized by general weakness, poor appetite, loss of body weight,
and inability to fly. In addition, some of them also showed soft,
bony swelling formations along the wing bones. Their diet was
evaluated and found to be highly deficient in several nutrients.
Protein, calcium, phosphorus and vitamin D were especially low. A
gelatin-type diet was formulated as a medium for supplementing these
nutrients and at the same time they were treated with injections
of Calphosan (0.1 cc) and Aqua-ADE (0.1 cc). These animals were put
on diet C as shown in Table IV. In general, the health of these
animals improved considerably, the ones that presented swellings in
their wings completely recovered and the swellings disappeared, and
two animals even recovered their ability to fly.

To a group of 3 Indian flying foxes that remained in the Health
Unit, the Fruit bat gel diet was increased to a level of 75% of their
total daily ration for an extended period of time (Table IV - diet B)
with good results as measured by body condition of the animals and
no adverse effects. Since late 1977 the gel diet was also introduced
to the ration for the Egyptian fruit bats (Rousettus aegyptiacus)
as shown in Table IV.
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Since this gel diet was introduced, there have been no detri-
mental effects on the animals' reproduction. It may also have con-
tributed to the improved reproduction as shown in Table V. Since
1978, when only two adult female Indian flying foxes were left in
the group, each one has produced a young every year.

CONCLUSIONS

All the gelatin-based diets were originally formulated to
solve specific feeding and/or nutritional problems, but since then
some of the formulas have been adjusted and improved and have be-
come a more significant portion of the animals’ diets,

The formulas are easy to modify and allow complete control of
diet composition providing an excellent medium for supplementing
specific nutrients and for administering speclal additives (Carcphyll
red) or medications (antibiotics or other drugs). They are relativ-
ely inexpensive, easily prepared on-site in either small or large
quantities as needed and have a good storage 1i1fe when frozen.

All the gel-diets currently in use at the Metro Toronte Zoo
have proved to be highly palatable to the animals, with very good

acceptability.

We are still working to improve the nutrient composition of
these gel-diets in order to make possible thelr use as complete,
balanced rations.
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TABLE I. MTZ GELATIN DIET FOR TURTLES

Ingredient composition %

Water 39.89
Ground horse meat 15.89
Purina trout chow # 1 8.55
Unflavoured gelatin powder (175 bloom) 8.55
Ground smelt 5.98
Whole eggs 4,99
Corn oil 427
Cyphos-21 4.27
Hykro Mynah food 2.85
Carnivore supplement powder 4.05
Rogar/STB SA-37 Pet supplement 0=

Calculated nutrient composition (as fed basis)

Moisture
Dry matter

Crude protein

Crude fat

Z
%
%
%

Crude fibre Z
Gross energy Kcal/g.
Calcium %
Phosphorus %
Magnesium %
Potassium %
Manganese ppm
Copper ppm
Zinc ppm
Sulphur ppm
Iron ppm
Iodine ppm
Cobalt ppm
Selenium ppm
Vitamin A TU/Kg.
Vitamin D3 IU/Kg.
Vitamin E IU/Kg.
Vitamin K mg /Kg .
Vitamin C mg/Kg.
Vitamin B12 mg/Kg.
Riboflavin mg/Kg.
Pantothenic acid mg/Kg.
Niacin mg/Kg.
Biotin mg/Kg.
Pyridoxine mg/Kg.
Thiamine mg/Kg.
Folic acid mg/Kg.
Choline mg /Kg .

60.68
39.32
17.58
8.07
0.33
1.74
1.61
1.40
0.04
0.20
46.23
4.95
99.06
0.49
17.95
3.34
1.16
0.0041
10,080.00
915.35
47.39
25.31
42.60
0.04
2.87
1577
11.15
0.14
1.97
203
0.90
894,20
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Fig I. Preliminary results of the effect of dietary treatment on growth of Red-eared turtles
(Chrysemys seripta elegans) from 5 to 12 months of age.




TABLE II. RED-EARED AND BLANDING'S TURTLES HATCHED AT THE

METROPOLITAN TORONTO Z00 (1977-1980).

Year

Chrysemys scripta elegans

Emydoidea blandingi

1977
1978
1979
1980

8
16
60
30
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TABLE IIT. MTZ GELATIN DIET FOR FRUIT BATS.

Ingredient composition ' ' 4

Water . 39.84
Banana . 31.87
Jelly powder-strawberry flavour 6.77
Unflavoured gelatin powder (175 bloom) 3.19
Sugar 2.39
Pulverized limestone 0.80
Cyphos-21 1.59
Rogar/STB SA-37 Pet supplement . 1,59
Vitamin E supplement powder 0.40
Ascorbic acid 0.40
Skim milk powder 3.98
Corn oil . ' 2.40
Beef heart 4.78

Lab. Analysis (dry matter basis)

Dry matter Z 100.00
Crude protein y4 21.55
Crude fat # 2.98
Crude fibre % 0.69
Ash 4 B.54
Gross energy Kcall/g 4.06
Calcium )4 2.37
Phosphorus A 1.15
Magnesium Z 0.12
Potassium 4 0.66
Manganesge ppm 29.00
Copper PpPm 17.00
Zine PPM 27.00
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TABLE IV. DIETS FOR FRUIT BATS AT THE METRO TORONTO ZO0O. .
Ingredients Rousettus aegyptiacus Pteropus giganteus

DIET A DIET B DIET C .
Fruit bat gel diet % 18.88 75.58 36.44 ®
Bananas % 40.45 8.72 28.34
Grapes 7 9.44 5.81 16.19
Figs 7% 9.44 2.91 6.07 ®
Oranges % 10.78 2.91 4.05
Apples % = 7.91 4.05 &
Vitamin-mineral suppl. % - 1.16 4.86
MTZ Carnivore mix X 6.74 - - .
Shrimp meal % 1.80 - -
Pulverized limestone % 1,35 - - ®
Rogar/STB Sa-37 Pet suppl.Z 1.12 - -
Total % 100.00 100.00 100.00
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o TABLE V. FRUIT BAT BIRTHS AT THE METRO TORONTO Z0O (1973-1980).
o _
Year Pteropus giganteus Rousettus aegyptiacus
® o
o o : ;
® 1976 1 5
1977 5 11
o s ¥ }3‘
PY 1980 2 14
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QUESTION:

RESPONSE:

QUESTION:

RESPONSE:

CARLA SANTOR QUESTIONS AND COMMENTS
In the slide where you were c?mparing the three turtles
on different diets, I wanted to ask how many turtles in
each group and were they related?
They were related. The controls were set up randomly
and there were five turtles in each group. Four animals
in each group were siblings. They were from the same
hatchings. One animal in each group was from a different
hatching.
I do not understand. Do you have split litters?

Yes, there are four from each litter in each group.

..v00.....................0...:L



AVIAN DIETS AT THE NATIONAL Z00

Olav T. Oftedal, National Zoological Park, Washington, D. C. 20008

Nutritional problems undoubtedly limit the potential success
of many avian breeding programs. Traditional feeding practice
involves the offering of a large array of food items with the hope
thet the birds have sufficient nutritional wiadom to self-select a
balanced diet. In the large multi-species exhibits that are
favored by the public, several feed pans may be put out, but with
little concrete knowledge as to which birds are eating what. The
nutritioniat attempting to evaluate such diets rapidly realizes
the impossibility of the task: quantitative information on diet
intakes of individual birds simply camnot be obtained.

The National Zoological Park (NZP) is like other zoos in the
use of complex, multi-item feed pans in the large exhibit and
flight cages. We do not, however, have confidence in the nutri-
tional adequacy of these diets. Innate and/or learned feeding
behavier may indeed lead wild birds to self-gelect balanced diets
if envirommental conatraints permit, but the captive animal ie
confronted with an array of foods that differs in composition, in
quantity, and in spatial and temporal distribution from that of
the wild. Feeding behavior that is adaptive in the wild may be
maladaptive in captivity. For example, I think of the strong
preference of some birds for fruits that are deficient in protein,
calcium, and other nutrients. In the very least, feed pans should
be comprised of relatively high—-quality, nutrient-rich food i{teams.
At the National Zoo, we have been simplifying diets in an effort
to minimize self-selection and thereby ensure that nutritionally
balanced diets are consumed. Many of these efforts involve
pelleted feeds developed in cooperation with Zeigler Bros., Inc.
of Gardners, Pa. Such diets are tested in the more controlled
set—up of holding and small exhibit cages so that acceptance can
be monitored.

The art of aviculture has a large role to play in the
revision of bird diets, and the nutritioniast cannot afford to
forget this, The diversity of feeding behaviors among birds
requires the use of diets of various physical forms. The
factors that influence diet palatability are poorly understood,
but probably include texture, color, taste, and physical location;
gmell appeara to be less fmportant for wmost birds than it is for
mamsals. Successful intreduction of a diet requires patience,
careful obsgervation, and sometimes a bit of "trickery” to induce
a bird to sample a novel and strange item. Incorporation of live
insects in a feed pan may lead to accidental ingestion of neigh-
boring food pellets, for example.
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The formulation of bird diets is an exercise in comparative
nutrition: nutrient requirements of most zoo species must be
extrapolated from domestic poultry (Scott, Nesheim and Young,
1976; National Research Council, 1977). Unfortunately, detailed
nutritional research has been limited to a few species of galli-
formes and anseriforms; little is known about peculiarities in the
nutritional physiology and biochemistry of frugivorous, insecti-
vorous, fish-eating, or meat-eating birds. The fact that the
bulbuls (Pycanotus) and some other passerines appear to require
Vitamin C while domestic fowl do not is a case in point (Chaudhuri
and Chatterjee, 1969). A substantial margin of safety should be
added to the nutrient levels in feeds to allow for interspecific
variation in requirements as well as possible nutrient losses
assoclated with the manufacture and storage of processed feeds.
The extra cost of added nutrients is small relative to the risks
of omission.

To facilitate diet planning, the more than 180 species of
birds at the National Zoo have been divided into diet categories
according to feeding behavior and ecology (Table 1). I will
briefly mention some of the problems associated with birds in
these various categories. It is our intention that similar diets
be used for species within each category; of course some flexi-
bility with regard to inter-species and inter-bird differences
must be retained.

CARNIVORES

-The carnivorous birds that prey on small terrestrial
vertebrates are relatively easy to feed if they can be trained
to take killed rats, mice, or mouse pups. These items constitute
balanced diets if fed fresh or after proper frozen storage.
Economic considerations dictate the use of commercial bird-of-prey
rations (meat-based, frozen products) where possible. NZP has
written nutrient standards for bird of prey ration (table 2) as
a consequence of which several major manufacturers have increased
their levels of vitamin and/or trace mineral supplementation.
These higher levels provide a margin of safety. Muscle meat per
se 1s avoided in bird feeding due to deficiencies of calcium,
vitamins A and D,, iodine, and perhaps other nutrients. Yet when
a bald eagle chick hatched in 1979, the diet recommended to us
by another institution that had had prior success with bald
eagle chicks was based on the use of chicken breast muscle.
Appropriate levels of vitamin and mineral supplementation were
calculated, but quantitative addition of supplements was difficult
given the small amounts of diet prepared for daily use. Hence
the chick was converted to bird of prey, whole mouse pups, and
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other itews as soon as possible, Similar constraints were found
in the successful rearing of 2 young spoonbills in 1980; 1in this
case, supplemental carotenoids (canthaxanthin) were also sdded
to promote feather pigmentation.

Some types of fish are known to contain thiamine-destroying
factors {thiaminases) and to contribute to the induction of
Vitamin E deficiency. 1In 1977, NZP loet 3 brown pelicans that
had been fed on unsupplemented fish; cause of death was diagnosed
as nutritional muscular dystrophy {Vitamin E deficiency). Large
fish may be supplemented with vitamins in tablet form; 30 IU of
Vitaain E and 30 mg of thiamine per kg of fish (fresh weight basis)
are probably more than adequate although higher levels of thiaaine
have been recommended (Geraci, 1978). Birds that feed on cut-up
fish are more of & problem in that a means must be found to make
the supplements adhere in the proper quantities. The concept of
a commercial substitute for fish remains attractive as supplemen—
tation could be easily controlled during menufacture. Fish used
for feeding should be carefully inspected for signs of spoilage:
discoleration, disintegration of fliesh, loss of red color in gills,
bad odor, etc.

Flamingoes were previously fed a goaked trout feed supple-
mented with shrimp seal and various sources of carotenoid pigments,
Since trout appear to have lower requirements for calcium and
trace minerals (some of which fish can absorb directly from water),
and do not need Vitaain D, commercial trout diets may not contain
adequate levels of all nutrients for birds. Specially formulated
flamingo pellets containing both shrimp meal and carotenoids are
now used; these are soaked in sufficient water to make a slurry,

It is important that the water used for soaking is also consumed
by the birds or the water—soluble vitamins will be lost.

Obligate insectivores are often difficult to feed successfully;
swallows, for example, must be hand-reared and trained to feed on
items other than flying insects. Available data on the composition
of such commonly used insects av mealworme and crickets indicate
very low levels of calcium, vitamin A, and vitamin D. These de—
ficiencies can be explained in terms of the anatomy and physiology
of the insects, NZP has recently developed & "cricket diet™ for
feeding insects. This diet contains very high levels of calcium,
trace minerals, vitamin A and vitamin D in an effort to increase
the levels of these nutriente in the gut contents of the insects
being used in reptile, bird, and mammal diets.
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OMNIVORES

Some omnivorous birds adjust easily to a pelleted diet.
Various duck and game bird pelleted diets are widely used in the
feeding of waterfowl and pheasants, for example. At NZP dry feeds
are purchased via a contract awarded to the lowest bidder. To
ensure quality, consistency, and control over nutrient levels,
open—-formula rations have been developed with the assistance of
Dr. Milton Scott of Cornell University and Dr. John Chah of Zeigler
Bros. Most commercial rations are closed-formula, i.e., the exact
ingredient and nutrient compositions are closely guarded trade
secrets. In an open—-formula ration, both ingredients and nutrient
additives are specified in precise amounts; the customer, rather
than the manufacturer, controls the composition of the diet.

An open-formula Avian Breeder Diet is used for both waterfowl
and pheasants during the breeding season (Tables 3,4); at other
times of the year an open formula Avian Maintenance diet is fed
(Table 5). The nutrient levels included are rather generous, and
include a substantial margin of safety, especially in the breeder
diet. Niacin levels are elevated in recognition of the increased
niacin requirements of domestic ducks, while high levels of vitamin
E and selenium serve as prophylactic measures against nutritional
muscular dystrophy that was diagnused in the waterfowl collection
in the early 1970's. High levels of calcium are included in the
breeder diet to permit the laying of large numbers of eggs which
are usually removed for artificial incubation. Fish-eating ducks
such as mergansers and goldeneyes are fed an expanded cat food
that floats. This feed replaces the trout feed diet that was
previously used; the feeding of smelt has been largely discontinued
in view of potential nutritional problems (see above). Successful
rearing of ruddy ducks in 1979 was accomplished by providing
floating duckweed onto which live crickets and other food items
could be tossed. The duckweed helped stimulate feeding; the
quantitative nutritional contribution of the duckweed was not
known, however.

Seed—eating birds are traditionally offered diets of mixed
seeds that may be deficient in protein, calcium, vitamin A, Vitamin
D3 and certain trace minerals if not properly supplemented. At NZP
small seed-eaters such as red bishops have been easily converted
to small (3/32"), hard pellets of balanced composition; these
pellets are fed in conjunction with shredded kale which provides a
supplemental source of vitamin C and other labile vitamins that may
deteriorate in pelleted feeds. The extent to which vitamin C is
synthesized by most omnivorous species of birds is not known;
hence a dietary source is recommended in most cases. Various
parrot species have been converted to large pellets (3/8") which
are offered along with small quantities of various treats that may
also help to alleviate boredom on a restricted diet.
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Soft~billed birds pose a particular challenge. A traditional
soft-billed feed pan might contain a great variety of cut-up
fruits, greens, soaked trout pellets, hard-boiled egg, bird-of-prey
ration, mealworms, etc. Under the controlled conditions of small
holding cages, several versions of semi-moist, soft pellets have
been tested. Superb starlings and Bali mynahs have been converted
to soft pellets under these conditions, but it has not been possible
to keep them converted when they are reintroduced into large =mixed-
species exhibits. After several unsuccessful attempts to introduce
toucans and hornbills to soft pellets, a gelatin-based diet was
devised that had a firm consistency after preparation in a pan,
overnight refrigeration, and cutting into cubes. Some fruit is
i{ncluded in the mix to improve palatability; this diet is now
readily accepted. The amino acid composition of such a diet must
be carefully formulated due to the peculiar amino acid content
of gelatin protein.

Cranes are fed pelleted rations developed by Dr. John Serafin
at the Endangered Species Program of the Fish and Wildlife Service.
The use of diets deficient in sulfur-containing amino acide as a
means of restricting growth rates is a novel approach to the serious
problem of leg abnormalities in rapidly growing young cranes.

HERBIVORES

Leg problems are also problematic among young ratites. An
open formula ratite diet containing high levels of dietary fiber,
and hence low levels of gross energy, was developed in an attempt
to reatrict energy intakes and growth rates among young birds
(Tables 6,7). This diet is also fed to adult ratites; free-choice
oystershell is made available to laying birds ae a supplemental
source of calcium,

Geese consume the same open-formula avian diets fed to other
waterfowl but they also graze some grass in the exhibit areas,
Although NZP does not keep grouse, pelleted diets developed in
Scotland and Norway are worthy of note (Moss and Hansen, 1980).

SUMMARY

A variety of new manufactured diets are being tested at the

National Zoological Park in an attempt to iaprove the nutrient

intakes of various types of birds (Table 8). In some cases
pelleted diets were already well established, but the formulation
of these diets has been changed (e.g., diets 1-6 in Table 8). In
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other cases birds formerly on complex, mixed diets of questionable
nutritional composition have been converted to simplified diets

in dry pellet (diets 7-8), semi-moist (diet 9), or gel (diet 10)
form. Improved nutrient standards have been established for
bird-of-prey rations, and supplementation of fish is recommended.
Efforts are underway to improve the nutritional composition of
insects used for feeding purposes. Most of these new diets are
still in the experimental stage: even i1f successfully incorporated
into feeding regimens, the long-term effects on health and
reproduction have yet to be determined. The present report should
be considered preliminary only. It will be many years before the
outcome of changes currently being made can be fully evaluated.
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