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PREFACE 

It is the unfortunate case today that many zoos are 

faced with problems of propagating species under artificial 

conditions as defined by the boundries of their facilities. 

Loss of habitat by the invasion of man or man-made chemicals 

in the food chain are two of the reasons that zoological 

institutions have been forced to initiate breeding colonies 

of many species of birds and animals. Without the work of 

zoos many of these animals would not be around for people of 

this, and future generations to enjoy. 

Since many of these animals come from different 

parts of the world, they cannot be expected to consume the 

same diets. Thus, it is very important that diets are 

formulated that will meet the needs of growing, maintaining, 

and breeding animals. If diets are not adequate to meet the 

needs of the animals under all these conditions - there will 

be no offspring. Reid Park Zoo is to be thanked for permit

ting feeding experiments relating to care and management of 

the facility itself as well as the hoped for nutritional 

information. Living conditions of the animals and cleanli

ness are just as important as correct protein levels. 

l i i  
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ABSTRACT 

Feeding experiments were carried out in electric 

brooders to study the protein and feed requirements of 

Helmeted and White-Breasted Guinea-fowl, Vulturine Guinea-

fowl and Radjah Shelducks. All Vulturine, Helmeted, and 

White-Breasted Guinea-fowl were fed levels of protein 

ranging from 24 to 30% using a milo-soya diet. Growth as 

measured by weight gain showed no significant difference 

in the 24 to 27% levels, while feed conversion was better 

for the Helmeted and White-Breasted Guinea-fowl that 

received 30% protein. There was no significant difference 

in any of the diets fed to the Vulturine Guinea-fowl. The 

recommended dietary level for optimum growth is 26% pro

tein. The Radjah Shelducks were fed levels of protein 

ranging from 14 to 22% using a milo-soya diet. Radjah Shel

ducks that received 18% protein had the best growth and 

feed conversion at this dietary protein level. Mortality 

was not influenced by the levels of protein. 



CHAPTER 1 

INTRODUCTION 

There is a lack of information concerning the 

nutritional requirements for exotic birds, such as those 

that would be found in zoological institutions. Since there 

is so little information available on many species of exotic 

birds, many zoos, such as Reid Park Zoo in Tucson, Arizona, 

are forced to make the assumption that a known protein 

requirement for one species of bird will meet the protein 

requirement for another species of bird for which no 

published nutritional data is available. This presents a 

very large problem - a given level of protein may be perfect 

for maximum growth and excellent production in one species 

of bird but may exceed the required protein level or even be 

deficient in protein for another species of bird. Levels of 

protein fed above the bird's requirement are a waste of 

money, while levels of protein too low may appear to save 

money but most likely will result in the death or poor 

health of the birds. 

Initially, it appears to be more time-consuming for 

the zoo if the kitchen staff is required to mix and feed 

correct protein levels to each species of bird, but this 

practice will save time and money in the long run. Less 

time will be spent caring for ill birds and veterinary 

1 
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visits. This time could be spent improving the zoological 

facility. Money could be saved and earned at the same 

time if correct levels of protein were fed to each 

species. Correct protein levels will produce healthy 

birds and hold the possibility of producing future off

spring which may be sold or traded to other zoological 

facilities. 

There are several species of Guinea-fowl in the 

African Continent, the native habitat of these birds. The 

name Guinea-fowl comes from a part of the West Coast of 

the African Continent. Reid Zoo has the wild-type species 

of Guinea-fowl (Numildinae) known as the Helmeted Guinea-

fowl, Numida meleaqris, and the White-Breasted Guinea-

fowl, Agelastes meleaqrides. The Helmeted Guinea-fowl 

is the source of genetic stock from which the domestic 

Guinea-fowl found in the United States are derived 

(Grzimek, 1972b; Williams, 1964; Serle and Morel, 1977; 

Wilcox, 1949; Gill, 1936; Beazley, ed., 1974; Haagner and 

Ivy, 1914; Lind, 1963; Mackworth-Praed and Grant, 1962 and 

1970; Prozesky, 1974). Vulturine Guinea-fowl, Acryllium 

vulturinum, are residents of the dry thornbush country, 

semi-desert areas, and dry forest in the Somalilands, 

eastern Ethiopia, eastern Kenya, and northeastern 

Tanganyika (Williams, 1964; Grzimek, 1972b; Hanzak and 

Formanek, 1977; Jenkins et al, 1975). 
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Tadorna radjah, also know by the names Burdekin 

duck and White-Headed Shelduck, is found in the subcoastal 

areas of the Northern Territory of the Australian 

Continent. Radjah Shelduck roost freely on the stout 

limbs of trees which grow close to the water (Frith, 1967; 

Young, 1970; MacDonald, 1976; Grzimek, 1972a). 

Nutritional information was found lacking for the 

requirements of the Radjah Shelduck and the Vulturine 

Guinea-fowl, although it is assumed that the two species 

of Guinea-fowl would have similar requirements. Informa

tion on the nutrition of Guinea-fowl is limited. Kari et 

al, (1978) recommend a dietary protein level of 24% for 

optimum growth to eight weeks of age. Blum et al (1975) 

recommend a 24% to 26% protein and 12.6 MJ ME/kg in the 

zero to four weeks of age, next dropping the protein level 

to between 19% to 20% in the four to eight week period, 

and even further dropping the protein level to 16% or even 

lower in the period eight to twelve weeks of age. Bougon 

(1969) found a protein concentration of 18% satisfactory 

from 8 to 12 weeks of age. Other labs had similar results 

in their experiments with domestic Guinea-fowl 

(Fracanzani, 1966; Auxillia, 1969). 

The purpose of this experiment was to study the 

effect of varying levels of protein on growth, feed con

sumption, feed utilization, and efficiency of the Helmeted 
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and White-breasted Guinea-fowl, Vulturine Guinea-fowl, and 

the Radjah Shelduck. 



CHAPTER 2 

MANAGEMENT PROCEDURES 

The first management problem identified and cor

rected was the disease omphalitis, also known as "navel 

ill". Omphalitis was caused by the use of unclean incuba

tors and also as a result of hatching and incubating in 

the same unit (Funk and Irwin, 1955). Omphalitis was the 

cause of the high mortality of the Guinea-fowl and the 

Shelducks during the early part of the experiment. Incuba

tors must be cleaned after each new clutch of eggs is 

added to prevent contraction of the disease when following 

clutches are set. Ideally, incubation and hatching should 

be done in two separate units to eliminate the incidence 

of the disease at zoos. The reason for this is that zoos 

have different species of birds that are laying at dif

ferent times throughout the year; hence, there will always 

be eggs in the incubators. Furthermore, at any given time 

there are eggs in all stages of developement in the incu

bator. This necessitates a policy of moving those eggs 

during the last days of development to another incubator 

to prevent the onset of the disease. 

In order to be totally rid of the omphalitis 

disease, incubators must be cleaned thoroughly as fre

5 
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quently as possible. Reid Zoo had a management system of 

cleaning their incubators once a week during the laying 

season. After each thorough cleaning, the incubators were 

fumigated to kill any bacteria that could be present to 

cause the disease. Formalin and potassium permanganate 

are common chemicals used for fumigation. These chemicals 

are mixed together in proportion to the cubic area of the 

incubators (Card and Nesheim, 1976; Charles and Stuart, 

1936; and Brigham, 1908). 

Reid Park Zoo had a system where waterfowl eggs 

were to be left with the parent birds until just a few 

days before hatching. Hatchability was found to increase 

for the waterfowl eggs when they were left with the parent 

birds versus those eggs removed from the parent bird as 

soon as they were laid and placed in the incubator. It 

was speculated that the humidity was not high enough in 

the incubator to prevent the embryo from drying out and 

causing embryonic death. Therefore, the waterfowl eggs 

were removed from the parent birds in the last stages of 

development and placed in the hatching incubator. The 

system adopted by Reid Park Zoo, of waterfowl eggs 

remaining with the parent birds for incubation, relied on 

careful observation and accurate records being kept by the 

zoo staff. Thus, the exact times were known when to pull 

the waterfowl eggs for placement in the hatching incu

bator . 
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All eggs placed in the incubators were marked with 

the date set and the species of the bird in pencil on the 

shell. This system made it easier for the zoo staff to 

know when to pull certain eggs and place them in the 

hatching incubator. A double check was used by placing a 

large calendar near the incubator. Recorded on this calen

dar was information concerning which kinds of eggs were 

set, the day they were set, and the date that the eggs 

should hatch. Zoo staff could glance at the calendar 

every day and determine which eggs and what number were to 

be transferred into the hatching incubator. After these 

simple management measures were put into effect, there 

were no more cases of omphalitis at the zoo. 

Another management problem was identified which 

caused the death of many young birds. Newly hatched birds 

were placed in aquariums equiped with heat lamps after 

they were removed from the hatching incubators. After a 

period of about a week in these aquariums, the chicks were 

then moved to an old brooder unit with only one func

tioning heat element. The aquariums had rubber mats 

placed in the bottom to prevent slipping and sliding of 

the young birds. Food was placed in open pie pans and 

water was supplied by continuous watering jars, which 

resulted in the aquariums becoming dirty very quickly. 

The aquariums were cleaned only once a day, but needed to 

be cleaned more often because the rubber mats had a tend



8 

ency to hold moisture which provided a good environment 

for microorganism growth (Card and Nesheim, 1976). 

Another problem with the aquarium setup was the location 

of the heat lamps. They were set in one corner of a ten 

gallon aquarium, and the birds did not really have enough 

room to get away from the heat if they became too warm. 

Battery-type brooder, borrowed from the University 

of Arizona, was introduced to eliminate those problems 

that the aquariums presented. Waterers and feeders were 

hung on the sides of the brooder so there was little 

mixing of feed and water by adventuresome birds. It also 

eliminated feed from going sour as a result of the birds 

playing in the feed and waterers. Feces and excess food 

dropped down through the wire floors into the collection 

pans where they could not be reached by the birds. These 

brooders came equiped with functioning heating units in 

which the temperature could be controlled. The design of 

the brooder allowed the birds to move under a canopy into 

the heated section or move freely out into the open air 

portion of the brooder if they became too warm. The com

mon recommendations of starting the brooder at 95 degrees 

Fahrenheit and gradually reducing the temperature about 

five degrees each week was followed (Funk and Irwin, 

1955). Petersime Brood-Units, model 2.S.D., manufactured 

by the Petersime Incubator Company of Gettysberg, Ohio 

were the type brooder used. 



CHAPTER 3 

EXPERIMENTAL PROCEDURE 

Feeding trials were initiated as the birds became 

available. Only birds of the same age were used in each 

diet trial, which explains the variations in the numbers 

in each trial of three to seventeen birds. Trials which 

finished with lower numbers of birds were due to death 

caused by the disease omphalitis. Day-old unsexed 

Helmeted and White-Breasted Guinea-fowl, Vulturine Guinea-

fowl, and Radjah Shelducks were used. 

Helmeted, White-Breasted, and Vulturine Guinea-

fowl eggs were placed in a Humidaire "Gooser", model 160, 

incubator on the day they were laid. All species of 

Guinea-fowl eggs were placed in the hatching incubator on 

the 24th or 25th day of incubation. A Guinea-fowl egg's 

total incubation time is between 26 to 28 days (University 

of Illinois Extension Service Circular 878, 1964). Radjah 

Shelduck eggs were removed from the parent birds two to 

three days before incubation was completed and then set in 

the same hatching incubator as the Guinea-fowl eggs. The 

hatching incubator was a small "school type" manufactured 

by the Lyons Electric Company of San Diego, California. 

Helmeted and White-Breasted Guinea-fowl or Vultu

rine Guinea-fowl were randomly assigned to each dietary 

9 
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treatment. These birds were fed one of the three protein 

levels ranging from 24% to 30% protein using a milo-soya 

diet. Radjah Shelducks were randomly assigned to each of 

three dietary treatments ranging from 14% to 22% protein 

using the same milo-soya diet. Each protein level was 

formulated and mixed separately. Each group of birds was 

raised in electrically-heated, temperature-controlled, 

battery-type brooders manufactured by the Petersime 

Electric Company. The brooder unit was equipped with 

raised wire floors. During the first week the brooder 

temperatures were held at 95 degrees Fahrenheit. Each fol

lowing week the temperature was dropped five degrees 

Fahrenheit. At the end of the experimental period of four 

weeks, brooder temperatures were in the 80 degree Fahren

heit range. 

Diets were fed ad libitum and were given in the 

form of a mash. Water was freely available. Weights of 

individual birds were taken on the average of every three 

to four days; feed consumption was recorded; and more feed 

was added to the feed trays attached to the brooder unit 

when the need arose. Mortality was recorded as it 

occurred. 

Diets were identified by the percentage of pro

tein, the number of the pen in the brooder, the name of 

the species of bird, and the number of birds present in 

the brooder pen. The composition of the diets can be 
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found in Table 1 for the Helmeted, White-Breasted, and Vul-

turine Guinea-fowl. The diet composition fed to the 

Radjah Shelducks can be found in Table 2. The experi

mental groups correspond to the diets fed during the four 

week period. Birds were saved at the termination of the 

experimental period. They were either sold as revenue for 

the zoo or used as replacements for the existing breeding 

stock. 

The protein concentrations given were chemically 

determined by the Kjeldahl method. The Kjeldahl method is 

a chemical analysis in which the nitrogen in a given 

sample is converted to ammonium sulfate by sulfuric acid 

and a catalyst. Ammonia is liberated by sodium hydroxide 

and steamed distilled into boric acid solution. The 

ammonia is then titrated with standardized hydrochloric 

acid (Hawk, 1965). Chromic oxide was added as an inert 

marker to all the diets in order to facilitate nitrogen 

digestion determination. A known amount of a completely 

indigestible material, in this case Cr203, is included 

in the feed; and, by determining its subsequent concentra

tion in the feces, this material is allowed to serve as an 

index of the digestibility of that feed (Schurch et al, 

1950). This method leads to a simplified experimental pro

cedure by avoiding the necessity of a quantitative record 

of either food intake or feces output. In the experi

mental period, feces were collected from all birds during 
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Table 1 

Composition of Diets Fed To Guineas 

Ingredients 24% 27% 30% 

Milo, ground 43, .52 39. .50 33. .48 

Soybean meal (48%) 40. .90 46. .90 53. .90 

Bentonite 5, .00 3. .00 2. .00 

Dicalcium Phosphate 2, .76 2. .76 2, .76 

Calcium Carbonate .76 .76 .76 

Salt .50 .50 .50 

Trace Mineral Mix .20 .20 .20 

Vitamin Mix Pr-9 3, .00 3, .00 3, .00 

Cr203 .20 .20 .20 

Animal Fat 3, .00 3 .00 3, .00 

DL-Methionine .16 .18 .20 

Total 100 .00 100 .00 100, .00 
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Table 2 

Composition of Diets Fed to Radjahs 

Ingredients 14% 18% 22% 

Milo, ground 65, .98 59. .38 50. .54 

Soybean meal (48%) 14. .50 23. .64 33. .90 

Bentonite 9, .00 6. .44 5. .00 

Dicalcium Phosphate 2, .76 2, .76 2. .76 

Calcium Carbonate .76 .76 .76 

Salt i .50 .50 .50 

Trace Mineral Mix * .20 .20 .20 

Vitamin Mix PR-9 3, .00 3 .00 3, .00 

Cr203 .20 .20 .20 

Animal Fat 3, .00 3, .00 3, .00 

DL-Methionine .10 .12 .14 

Total 100, .00 100 .00 100, .00 
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the third and fourth week that they were consuming the 

experimental diets. 

The digestibility of a diet demands that random 

samples only of feces need to be retained for analysis of 

the concentration of the index (Dansky and Hill, 1952; 

Schurch et al, 1950). All samples were analyzed in tripli

cate. The samples of diet or excrement were wet ashed 

with nitric acid, and the solution fused with perchloric 

acid to convert chromic oxide to chromate. After appro

priate dilution, the color density was measured using a 

Coleman Junior Spectrophotometer set at 444nm for absorb-

ance readings. Deionized water was used as a reference 

and was read and recorded at the same 444nm level of 

absorption (Hawk, 1965). Table 2a and 2b list the vitamin 

composition and mineral composition respectively of the 

diets fed to all the birds. 
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Table 2a 

Vitamin Mix (PR-9) 

Vitamin Composition 

Vitamin A 396524.0 (IU/KG) 

Vitamin D3 61426.2 (IU/KG) 

Vitamin E 219.8 (IU/KG) 

Vitamin B12 0.5 (MG/KG) 

Vitamin K 88.4 (MG/KG) 

Riboflavin 178.2 (MG/KG) 

Niacin 1119.5 (MG/KG) 

Pantothenate 449.7 (MG/KG) 

Choline 37160.2 (MG/KG) 

Thiamin 4.8 (MG/KG) 

Folic Acid 0.7 (MG/KG) 

Pyridoxine 3.6 (MG/KG) 

Biotin 0.2 (MG/KG) 
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Table 2b 

Trace Mineral Mix 

Mineral Composition 

Zinc 120 ppm 

Manganese 120 ppm 

Potassium .8 ppm 

Iron 44 ppm 

Copper 8 ppm 



CHAPTER 4 

RESULTS AND DISCUSSION; 

HELMETED AND WHITE-BREASTED GUINEA-FOWL 

There was no statistical difference in the average 

body-weight gain in grams for those birds that consumed the 

24% protein level from those that consumed the 27% protein 

levels of the experimental diet (Table 3). There was, 

however, a significant difference between the 30% protein 

level of the diet and the above-mentioned diet levels. 

Those birds receiving the 27% protein level diet had an 

average body-weight gain which was higher in grams than the 

other two levels of the diet. The birds fed this diet level 

gained 8.9 grams per day as opposed to 8.2 grams per day at 

the 24% level and 7.4 grams per day change in body-weight 

for the 30% diet level. The birds on the 27% protein level 

consumed an average of 30 grams per bird per day as opposed 

to 20 grams per bird per day for the 24% diet and 16 grams 

of feed per bird per day for the 30% diet level. This would 

account for the larger body-weight gains of the birds on the 

27% diet level. They ate more food and, thus, gained more 

weight, although the feed conversion data shows that those 

birds receiving 30% protein level converted their protein 

better (2.16) than the other two diet levels (2.33 for the 

24% level and 3.26 for the 27% diet level). 

17 



Table 3 

Helmeted and White-Breasted Guinea-fowl 
Experimental Data 

24% 27% 30% 

Dietary Protein 
(%)* 

Average Body Wt. 
Gain (gm) 

Average Body Wt. 
Gain/Bird/Day (gm) 

Average Feed Cons./ 
Bird/Day (gm) 

Average Protein Cons./ 
Bird/Day (gm) 

Protein Digestibility (%) 

Feed conversion 
gm feed/gm gain 

Number of Birds 
on Diet 

Days on Diet 

Mortality (%) 

23.76 26.87 30.14 

255b** 277b 208a 

8.2 8.9 7.4 

20 30 16 

4.75 8.0 4.8 

76.62 71.34 67.01 

2.33 3.26 2.16 

17 12 10 

31 31 28 

10.53 14.28 00.00 

* Kjeldahl Method 
** Means having different letter in the same row differ 

significantly (PC0.05). 
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The calculations for the average daily consumption 

of feed per bird in grams is not totally accurate, as the 

birds, being ground dwellers and thus tending to scratch 

for their food, kicked out a lot of food. Some of this 

feed fell to the floor of the building in which the birds 

were housed and fell into the feces collection pan of the 

brooder itself. There was no way to pick up and measure 

accurately every particle of the experimental diet that 

was dropped; however, care was taken to determine as best 

as possible the wastage of all food. From the calcula

tions available, birds consuming the 27% diet ate up to 10 

grams more feed per bird per day than those birds on the 

24% level and the 30% level of protein diet. The 24% diet 

had the best protein digestibility (76.62%) as opposed to 

71.34% for the 27% protein diet level and 67.01% for those 

birds eating the 30% protein diet level, respectively. 

The White-Breasted and Helmeted Guinea-fowl were 

the first birds to be put on the experimental diets while 

the new incubating and hatching procedures were being put 

into effect. Even numbers of birds were originally 

planned for each diet level. Eggs were counted out and 

designated to go into certain diet levels. A certain 

number of eggs were slated for each diet level, but the 

eggs did not cooperate. Many eggs did not hatch or birds 

hatched were too weak to live after hatching. Thus the 

reasons for the differing numbers of birds. The number of 
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days each bird was to be on the diet was 31 days or one 

month. Some birds were on the experimental diet a shorter 

amount of days because they were either sold or management 

wanted the birds to be placed outside where it was 

believed that the natural environment would help their 

growth rate. The birds on the 30% diet were taken off the 

diet three days earlier than the birds consuming the other 

two diet levels. If they kept up their present levels of 

body-weight gains, they would have gained an average of 

222 grams for the experimental period. (This is assuming 

that the consumption rate would have stayed the same, 

neither decreasing nor increasing). This would bring 

their body-weights up to 230.2 which is 25 grams below the 

average body-weight gain of the birds in the 24% diet 

level. There is a difference of 22 grams in body-weight 

gains between the 24% and 27% diet levels; therefore, if 

the birds had been allowed to stay on the diet another 

three days, there may not have been any significant differ

ence in all three diet levels at the P < 0.05 level of sig

nificance. The first group of birds were sold to a local 

feed store before the experimental period was over. This 

was due to a mix-up of information regarding which birds 

were off diets and which were not. 

Mortality was not a result of the diets being fed. 

Mortality levels were a result of navel disease caused by 

unclean hatching procedures in the incubators. 
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Because birds were placed in a high traffic area, 

there was bound to be some problems with the experimental 

procedure. Persons passing through the quarantine area 

would stop to look at and many times handle the baby 

birds, even though they were asked not to. Thus as it 

would happen, birds taken out and handled would sometimes 

be placed back in the brooder in a different location from 

which they were originally removed. Many times this new 

location in the brooder was a different diet level than 

the bird was originally placed in. Most of the birds 

could be identified and placed in their proper locations, 

but some could not. Because birds were translocated any 

where from a few minutes to an hour or so, they ate the 

new diet and dropped feces from the old diet into the new 

pans, hence weight measurements and feed consumption were 

not so accurate as originally planned. 

Figure 1 graphically indicates that there was no 

significant difference between the two lower levels of pro

tein, 24% and 27% respectively, in terms of the daily 

weight gain of the Helmeted and White-Breasted Guinea-

fowl. The ideal dietary protein level for these Guinea-

fowl is 24% or lower to achieve the maximum body-weight 

gain during the first four weeks of their life. Kari et 

al (1977) found similar information. There was no signifi

cant differences (P < .01) in the average growth rate 

among the groups of Guinea-fowl he tested that received 
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24, 26, and 28% protein levels for the first four-week 

period. 



CHAPTER 5 

RESULTS AND DISCUSSION; 

VULTURINE GUINEA-FOWL 

The same dietary protein levels were fed of 24%, 

27% and 30%, as used for the Helmeted and the White-

Breasted Guinea-fowl. The chemical analysis run of the 

diets after the experiments were complete showed that the 

mixing of the individual feeds were not done accurately 

enough. A later analysis found that actually only two 

levels of the diet were fed of a 30% protein and a 27% pro

tein level. The three true levels of diet fed were 30.1%, 

26.6% and 26.9%. Statistical analysis showed that there 

was no significant difference at the 0.05 level between 

the three diet levels for the average body-weight gain in 

grams (Table 4). 

Feed samples should have been analyzed with the 

Kjeldahl method before they were fed to the birds to 

guarantee that the birds were really receiving the correct 

protein level. This would have alleviated the problem of 

the Vulturine Guinea-fowl being fed only two protein 

levels instead of three. 

Those birds consuming the 26.6% level had a greater 

average daily weight gain per bird, 6.6 grams as compared to 

5.0 grams for the 26.9% diet and 5.7 grams per bird per 

2 k  
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Table 4 

Vulturine Guinea-Fowl 
Experimental Data 

24% 27% 30% 

Dietary Protein 
(%)* 

26.58 26.87 30.14 

Average Body Wt. 
Gain (gm) 

177a** 144a 165a 

Average Body Wt. 
Gain/Bird/Day (gm) 

6.6 5.0 5.7 

Average Feed Cons./ 
Bird/Day (gm) 

39 31 34 

Average Protein Cons./ 
Bird/Day (gm) 

10.4 8.3 10.3 

Protein Digestibility (%) 67.83 54.18 60.17 

Feed Conversion 
gm feed/gm gain 

5.99 6.25 5.98 

Number of Birds on Diet 3 3 3 

Days on Diet 27 29 29 

Mortality (%) 00.00 00.00 00.00 

* Kjeldahl Method 
** Means having different 

significantly (P<0.05). 
letter in the same row differ 
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day for the 30% diet level. Average feed consumption per 

bird per day was higher for the 26.6% diet. There appears 

to be no explanation for the difference in the amount of 

feed consumed per day and the average daily weight gain 

per bird when considering the closeness of the levels in 

the diets. The only explanation is so few birds were 

available for the experiment, and there was not really a 

random selection of the birds. By chance, three birds 

that were unthrifty just happened to be placed into the 

same group. Because these birds were so expensive and 

shy, they were not handled to the same extent as the other 

birds by the experimentors. The birds could have been 

frightened easily and did not make as many trips to the 

feed tray. 

Many of the birds were handled by visitors and 

staff members because they were cute and appealed to 

people. These birds did not really care to be handled 

and, therefore, tried to get away. A stressful situation 

could have and may have resulted. These birds may not 

have fared so well as the birds that were not handled. 

There was no way to mark and identify those animals that 

were handled more than the others. So it was not docu

mented if in fact these birds did or did not perform as 

well as other birds on the experiment. The hazards of 

having so many people pass through the experimental area 



may have been significant to the results of the experi

ment. 

The protein digestibility data also shows a differ

ence, though not significant, between the two 26% protein 

levels (Table 4). The 26.6% dietary level was more diges

tible with 67.83% digestibility than the 26.9% diet with 

only 54.18% digestibility. The birds were able to convert 

all the diets equally well into body-weight gains. The 

26.6% and 30.1% protein levels had a feed conversion of 

5.99 and 5.98 respectively. The feed conversion of the 

26.9% diet was a little better (6.25) as shown in Table 4. 

The reasons for the low numbers of birds in these 

feeding trails are that there were not many eggs to begin 

with, the birds are extremely expensive, and at that time 

rare. There was a general reluctance even to allow these 

birds to be experimented with. Even though the birds were 

promised for a specified period of time, buyers were found 

for them and they were sold at the zoo staff's discretion. 

The birds on the 24% diet level were fed the diet two days 

less that the other two diet levels. If the birds con

tinued to gain weight at the same level, it would have 

added an extra 13.2 grams. This weight gain may or may 

not have proved to be significant at the 0.05 level of sig

nificance. 

Figure 2 shows that the 26.6% level of feed caused 

a more rapid body-weight gain in a shorter time, but it 
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was not significantly different from the other two levels 

of the experimental diet. Since there was no significant 

difference at the P<0.05 level of probability in any of 

the levels of the diets fed, it can be stated that the 

lowest percentage of protein should satisfy all the birds 

growth requirements. The optimun protein level required 

for Vulturine Guinea-fowl is 26%. The mortality rate for 

these birds was nil. 

They were hatched after the new management pro

cedures were put into effect, so no disease was present. 



CHAPTER 6 

RESULTS AND DISCUSSION; 

RADJAH SHELDUCK 

The Shelducks were fed dietary levels of 14%, 18% 

and 22% protein. Table 5 shows that there is no signifi

cant difference between the 18% and 22% protein levels con

cerning the average body-weight gain for the total experi

mental period and the average body-weight gain per bird per 

day for this time sequence. According to the data collected 

there was no difference in the amount of feed consumed by 

each bird per day. The same problem of wasted food was 

present with the ducks as was present with the Guinea-fowl, 

only to a much greater degree. Pood was dropped into the 

brooder pans, the water troughs, and onto the floor. Since 

the Shelducks enjoyed the water so much, there was always 

water spilled everywhere. The Shelducks liked to fill their 

beaks with food, go over to the water, drop the food into 

the water, and then drop the food left in their mouth into 

the feces collection pan. This would account for the large 

feed consumption data. This habit caused the unused feed to 

become mixed with the feces because of the wet conditions. 

As a result the pans had to be changed twice a day, and the 

feces had to be collected with forceps to insure as much of 

the food as possible was removed from those feces to be 

30 
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Table 5 

Radjah Shelduck 
Experimental Data 

14% 18% 22% 

Dietary Protein 
(%)* 

14.06 17.06 21.63 

Average Body Wt. 
Gain (gm) 

147a** 316b 324b 

Average Body Wt. 
Gain/Bird/Day 6.1 10.5 11.2 

Average Feed Cons./ 
Bird/Day (gm) 

35 38 40 

Average Protein Cons./ 
Bird/Day (gm) 

4.9 6.4 8.5 

Protein Digestibility (%) 35.34 53.65 78.75 

Feed Conversion 
gm feed/gm gain 

5.70 3.58 3.57 

Number of birds 
on Diet 

10 3 4 

Days on Diet 24 30 29 

Mortality (%) 00.00 25.00 00.00 

* Kjeldahl Method 
** Means having different 

significantly (P<0.05). 
letter in the same row differ 
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analyzed. A few times this food was not dried and weighed 

but thrown away. Therefore, the feed consumption for the 

Radjah Shelducks is probably not so accurate as it could 

be; but it should be consistent, since all duck water and 

food was either thrown away on any given day or dried and 

weighed on any given day. 

The Vulturine, White-Breasted and Helmeted Guinea-

fowl also kicked food into the feces pans similarly to the 

Radjah Shelducks; but because the fecal matter was not 

wet, it was much easier to separate the two factions. 

Then again, some food could have gotten into the feces and 

analyzed and incorporated into the results. These problems 

could not be controlled under the experimental conditions. 

Because of the problems with the calculations of 

food consumption, the actual protein consumption was a 

little off. But since each diet level was given the same 

consideration and treatment in collecting the food and 

feces, all errors should be the same. Protein digesti

bility proved to be better for the birds consuming the 22% 

protein diet. Feed conversion also was a little better 

for those birds on the 22% diet level. 

Mortality was 0% for the 14% and the 22% diet 

levels. Mortality was 25% for the 18% protein level. The 

birds died of the disease omphalitis within the first week 

of the experimental period, except for one shelduck which 

died of trauma when a caretaker accidentally put a pan of 
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water on its head. No reason was given for this mistake. 

This duck died a few days before the termination of the 

experiment. 

Once again the birds were not allowed to finish 

the planned experimental period. The reasons were the 

same as for the Vulturine, White-Breasted, and Helmeted 

Guinea-fowl. If the birds on the 14% diet were allowed to 

stay on the diet the additional six days and consumed the 

same average amount daily, they would have gained only 

29.4 more grams to bring their total weight up to 176 

grams for the experimental period. This would still be 

significant at the 0.05 level of significance. If the 

birds consuming the 22% diet level were allowed to be on 

the diet one additional day, they would have gained approx

imately 8.5 grams to bring their body-weights up to 332 

total grams for the experimental period. It is unknown 

whether this would be significant because these additional 

gains are all conjecture. 

Figure 3 indicates that the 22% diet produced a 

slightly higher body-weight in a slightly shorter time 

than the 18% diet, although statistically there is no dif

ference between the two at the 0.05 level of probability. 

The optimum level for the best growth is around 18% pro

tein. More diet levels should have been fed on the 

higher side to confirm this data. The feeding of a 
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greater number of levels with more birds would give more 

accurate data. 



CHAPTER 7 

CONCLUSION 

The feeding experiments were conducted at Reid 

Park Zoo, Tucson, Arizona, in the animal quarantine area. 

The experiment was started after a management procedure 

was put into effect which reduced the disease omphalitis 

in the incubating and hatching incubators. This disease 

previously had caused extensive mortality in all the 

hatching birds at the Zoo, not just the experimental 

animals. 

The birds were hatched in a Lyons "school-type" 

incubator. The Guinea-fowl eggs were placed in the incu

bator on the 24th or 25th day of incubation, and the 

Radjah Shelducks were left with the parent birds until two 

or three days before hatching and then placed in the incu

bator. This was done because it was found the hatcha-

bility was increased for the water fowl following this pro

cedure. The birds were housed in Petersime Brood Units. 

The brooder temperatures were held at 95oF and gradually 

reduced about 5 degrees each week as according to recommen

dations of Funk and Irwin (1955). 

Day old unsexed Helmeted and White-breasted 

Guinea-fowl, Vulturine Guinea-fowl, and Radjah Shelducks 

were used. All birds were randomly assigned to each 

36 
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dietary treatment. The Guinea-fowl were fed 24, 27, or 

30% protein levels using a milo-soya diet. The Radjah 

Shelducks were also fed three dietary protein levels of 

14, 18, and 22%, also using a milo-soya diet. All protein 

levels were formulated and mixed separately. All diets 

were fed ad libitum in the form of a mash. Feed consump

tion was noted. Water was available at all times. 

Weights of individual birds were taken on the average of 

every three to four days. Mortality was recorded. 

For the White-Breasted and Helmeted Guinea-fowl 

there was no statistical difference in the average body-

weight gains for the birds fed the 24 and 27% protein 

levels. The birds receiving the 27% diet had a higher 

weight gain than the other two protein diet levels. The 

24% diet level had the best digestibility. It was found 

that the ideal dietary protein level for these Guinea-fowl 

is 24% in order to achieve maximum body-weight gain during 

the first four weeks of life. 

The Vulturine Guinea-fowl were fed only two 

dietary protein levels (27 and 30%). This was due to 

mixing inaccuracies. Statistical analysis showed no 

difference in these two levels in body-weight gains. The 

26% protein level is the desired diet level for the Vultu-

rines according to information gathered during this experi

ment. More birds should have been used to obtain better 
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results, and more accurate mixing of the diets would have 

resulted in three true diet levels. 

There was no significant difference at the 0.05 

level of probability in the body-weight gains of the 

Radjah Shelducks fed the 18 and 22% protein levels. Feed 

conversion and protein digestibility were better for those 

birds consuming the 22% diet level. The 22% diet level 

produced a slightly higher body-weight in a slightly 

shorter time, but overall, the 18% protein diet level was 

the optimum level for best growth. 



APPENDIX A 

This is the first such experiment of this magni

tude to be attempted at the Zoo. Although it is very 

appreciative for the chance to conduct such an experiment, 

the Zoo at the time was not the ideal place for truly good 

results. Some of the problems encountered were the lack 

of control of the number of people entering the experi

mental area. The area involved was a main thoroughfare 

for all the Zoo staff as well as many visitors. 

These experiments were carried out in the quaran

tine area of the Reid Park Zoo. The quarantine area con

sists of the kitchen where diets are prepared for all the 

animals at the Zoo. It is also the gathering place of all 

the Zoo staff as it serves as their lunch room. Sick and 

newly arrived animals are also housed in this same area. 

Because of these conditions, it was not an ideal location 

in which to attempt a feeding experiment; but it was the 

only location available on the Zoo grounds. The Zoo heir-

archy did not want the animals in the experiment to leave 

the Zoo grounds. 

Because of the limited space involved, the brooders 

were set up in the quarantine area next to the diet kitchen. 

Both incubators (hatching and incubating) were a short 
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distance away. Since the experiment has been performed, a 

as a hospital, quarantine, and chick housing area. The 

human traffic is limited to only those few staff members 

who need to care for the animals themselves. All 

unauthorized persons are kept out of the building. 

Communication among staff members and experi-

mentors was another problem. Although signs and notes 

were posted, many times the Zoo staff did not read them. 

This resulted in the birds being given either the wrong 

feed or additional feed (such as greens). Pre-measured 

feed packets were attached to all levels of the brooder to 

guarantee that the correct feed was given to the correct 

birds. This too did not work. Some staff members felt 

that the birds were not being fed correctly, and without 

permission they fed what they thought was the correct 

amount of feed to young birds. They neglected to measure 

accurately this additional feed many times. 

The ducks also caused some problems. The Zoo 

personnel believed that the wire bottoms on the brooder 

would deform the young duck's feet. It took much 

convincing to prove that this was not so. 

This experimental procedure should be done again 

under more controlled conditions without staff interfer

ence other than the experimentors themselves. The number 

of birds in each experimental diet should be increased. 

This will give more meaning to the data acquired. The 
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ideal location for best results would be to place the 

birds in a room all to themselves, such as is done in many 

animal research facilities. As this was not possible, the 

results were good although not as conclusive as they could 

have been. 
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