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EXPERIMENTAL STUDIES OF WILD FRUIT3 IN THE WINTER
DIAT OF THE RING-NECKED PHEA3ANT;

I. A METHOD OF DHETERMINING THE COMPARATIVE NUTRI-
TIVE VALUES.

II. COMPARATIVE NUTRITIVE VALUE OF FQUR WILD FRUITS.

INTROCUCTION

A great deal of progress has been maude in determining the
kinds and the amounts of foods eaten by wild animals, but
practically nothing 1s known about the nutritive values of
these vurlous foods., With the steady development of wildlife
management it 1s becoming more and more necesssry that infor-
metion on the nutritive value of foods be avallsble if effi-
clent rehubilitation of wildlife habitat 1s to be &ccomplished.
The food that an animul eats is often largely determined by
what 1s available during any given period. There are certuln
seasons when foods are normally present in sufficient quantities
to meet the dietary needs of an animul, but in other seasons,
such as the late winter and early spring, foods become scarce.
It 1s for this oritical period of food scarcity that wildlife
mansgement 1s attempting to supply and maintain an adequate
amount of nutritious food for animals. .

It is the intention of this report to describe a method
of determining the compsrative nutritive value of wild-game
foods by an experimental procedure that does not involve the
use of & lurge number of experimental birds nor the expenditure
of a long period of time.

A statement often made in nutrition studies 1s that penned
animals react differently to the same foods from normal, free-
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It 1s not the purpoase of this report to expand or investigate
the complicated methods of the highly developed poultry mutri-
tionsl studies, but rather its objective is to develop a sim-
plified procedure that is & combination of the numerous
stundard experimental methods and the writer's own experience.

In the development of the experimental procedure, methods
were drawn freely from the voluminous literature on the subject
of poultry nutrition. There are three basic experimental
methods in sanimal nutrition, which come under the following
headingss 1, the group feeding method; 2, the 1nd1v1duél
feeding method; and 3, the paired feeding method. The group
method was oclosely followed in this work and will be further
elaborated from basic development to modifiocations made to fit
the need of the problem,

Advice was obtained by corresponding with several of the
recogniged leaders in poultry and pheasant research work., With
references from literature, personal communicationa, and
previous experimental work, the study was planned and carried
out with the spsecific purpose of determining the comparative
nutritional values of wild foods. The problem resulted in a
four-month study that involved four different stages of develop~-
ment. The first was the colleoction of the fruits to be usedg
the second, the development of an experimental preecedure; the
third, the physical testing apparatus, and last, the evaluation
of the experimental results.

Studies in avian mitrition have almost entirely dealt with
domestic birds, and it has been only in the past few years that
any work has been done on the nutrition of wild game,

The study of procedures and results of previous investigations

served as a guide for the interpretation of the experimental result:
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Review of the Litersature

There have been many studies on the qualitative and
quantlitative food hebits of birds and mammsls, but, to date,
only & start has been made to determine the actual sustentsative
or nutritive value of these various food items. Especially
important and interesting 1s the knowledge of the mutritive
value of the various wild foods that birds have rescurce to,
for i1t is often the natural or exotic food shrubs that serve
as important sources of foqd during severe &nd coritical winter
perlods of food scarcity.

In direct contrast to the feeding habits of pheasant, in
Michigsn, where grains form about 74% of the yeur's food,

Dalke (1933), 1s the small percentage of 34.54%, Wright (}941),
grain eaten by pheasants in Rhode Island. To f£11l1 in this gep
left by low cereal comsumption of Rhode Island birds, wild
fruits and seeds are an important in the food habits of the
phesgant,

To determine methods of evaluating the nutritive value of
wild foods, reference has been freely msde to poultry nutrition
studles, references of the food habits of wild pheasants, sand
to the few sctual nutritional studies made on wild pheasant
foods. 1In the following brief review, a survey of the pertinent
studies will be made before going on to the actusl experimental
work.

Poultrvy Studies

From the wealth of poultry nutrition studies that huve been
made, several of the more important ones that bear on various

chronological &nd developmental phases of the nutrition problem
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will be reviewed, for 1t 1s from these studles that the
phessant feeding procedure wus largely developed.

During the period of 1912 to 1917 Bughes (1918) used
chickens, pigeons, and rats in a study of the nutritive value
of corn as & single food and showed thatthese animuls were
very susceptible to the inadeguate diet that corn ylelded.
Roup, leg weukness, and production of eggs with low-hatchability
were the results,

In 1628 Jull and Titus (1928) carried out a more detsiled
study of poultry feeds sand based their final results on the
growth of the bird in relation to feed consumption. From this
study, it was apparent that for each successive 1000 grams of
feed consumed, there is a proportionately smaller inerease in
welght galned,

nun&op,(IQBS) in a wide survey of nutritional literature,
reveals only three methods of experimentation which have been
used to determine the effeoct of a particular diet on the live-
welght increase or growth of & specles of unimal. The methoda
that have been evolved ares

1. The group feeding
‘2. Individual feeding
3« Paired feeding

Of these verious methods, & more oomplete explanation
will follow in the methods of experimentation.

Payne and Bughes (1933) reported on an extensive study
of the effect of inadequate rations on the production and
hatehability of eggs, stating that the test birds on a 65% diet
of yellow corn as the only source of Vitamin A gave the lowest
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fertility and hatchability. As shown in this study and many
others, corn is & very good food but not a sufficient food in
itself and must be supplemented with other food items in order
to produce a balanced or sdegquate ration.

Titus, Jull, and Hendricks (1934), in a study of the
growth of chickens as a function of feed consumption, found
that, on & basls of relative food intake, the male chicken is the
more efficient utiliger of food and hence can undergo more
drastic undernourishment before showing symptoms of a nutri-
tional deficlency.

One of the first experimental tests to determine the
individual comparative nutritive value of various gruains, was
the work of Payne (1934) who studies the comparsative nutritive
value of sorghum grain, oorn, and wheat &as poultry feeds,

Twelve hundred white leghorn chicks were started and raised

to maturity on the test rations. The test rations were composed
of &« common buasal ration to which was added an equal amount

of the different grains to be tested, thus making the ration
carry 50% of the grain to be evaluated, The final oriteria of
evaluation was based on a study of feed consumption, maintenance
of body weight, egg production, mortality, and hatchabllity.

In 1636 Crampton (1936) made a review and analysis of
published data relative to the feeding values of certailn
cereal grains and sald, "Regurdless of their apparent similarity
matritionsally, the ceresl gruins are, of course, separate
entities, each showing certain peculiarities. Most of the
differences are in the mineral‘&nd vitamin portions of the
feods"., This same situation may well be applied and considered

in the wild fruit diets of the pheassants,
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In the study of the comparative values of feeding experiments
made in 1937, Maynard (1937) stated that comparative feeding
trials gave & specific answer to the gomparutive over-all effect
of the test feods but did not tell anything as to why one food
was better than the other. Bilological and chemicsl assays ean
in some degree show how a food 1s better but still does not
always tell why.

Work by Platt in 1939 (1940) on the effect of restricting
the cereul dlet of pigeons to sorn and wheat showed that plgeons
on & strict corn and wheut diet produced fewer eggs, had s
longer clutch period, and produced smaller squsbs than did the
birds on corn, wheat, and a supplement of Canadian field peas.
However, there was no difference in fertility or hatchubility
of eggs, & direct contrast to the definite detriment of
hatchablility in poultry eggs, where the luyers were subjected
to inadequate rations.

The composition and quuality of feed consumed by poultry
was determined by Buckner, Insko, and Amanda in 19641 (1941)
on the basls of chemical analysis of the food rations under
tests The chemlosl analysis ylelded a rough estimation of the
qualitative differences in the foods and this viewed from a
gompurative busls, gives a falr indication of the qualitutive
value of the foods.

Scott and Payne in 1841 (1941) found that birds tested om

a restricted diet were inferior breeders us compared with birds
on &n adequate diet.s Thls study did not compare the nutritive

value of uny single food item of the rations but merely
indicated the effect of un inadequate diet on reproductive
ability. |
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This review of poultry literature, extremely brief as
it is, touches only a few of the fundamental reseurch fuacts
but the onea that seemed most important to follow out in
planning an expariment to determine the nutritive value of
wild foods. Amounts of foods, test procedures, effsct of
rations of poor nutrient quality, the resction of muale sand
female birds to teating, methods of making comparsative food
tests both biologleally and chemically have been reviewed &nd,
as such, served us & basis for the development of the tesat

procedures,
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Pheagant 3tudies

Wild fooda:

Results of the food hablt studies of the phessant have
fairly well determined the kinds and amounts of various foods
taken by the birds in different loculitles., From the results
of the various food habilt studies, and especiully from the
Southern Michigan work by Dalke (1933), the basal rations
for the experimental feedings were developed.

0f the many phesasant food-habit studies made, the following
references indicate the extent of natural feeding, especisally
of the cereal grains eaten. 3wenk (1930), in Central Nebraska,
found that the diet of 100 pheasants consisted of 76 per cent
of cultivated gruins, of which 67£ wes corn. In Michigan,
Dalke (1937) found that cultivated grains formed 74% of the
food of 352 ringnecks; with corn composing 33% and whest 20%
of the dilet, In Pennsylvania, Bennett and English (1939)
determined the fall food of pheasants to be 74% corn and
associated weed seeds. In Minnesota, Fried (1940) reported
that cereal grains composed 81.3% of the food of 515 pheasants.

In direct contrast to the above findings, & presentation
of Wright's (1941) results in Washington County, Rhode Island,
where cereal grains are relatively scarce, indicated that
oultivated gruins formed only 36.55% aof the total food and of
this, the corn percentage is 34.54%. ’The rest of the Rhode
Island birds! diets are made up of sesds and fruits. There
is a decided contrast in percentage of wild seeds and fruits
in the diet of the eastern and midwestern pheasant.

Although wild fruits differ grestly in the percentage
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composition in the winter-diet of the phessant they nevertheless,
may be more important in the mutritional requirements of the
bird than generally considered. In Michigan Dalke (1937)
stated thut "Wild fruits and nuts are esten consistently, but
the percentage 1s small--11,93%~-~lurgely since the hubituts
of the wild fruit=-producing species are restricted to & relatively
small proportion of the pheasant range®. In a compiled average
for the months of December, Jamuary, PFebruary, and March, the
foods of the pheusant as found by Dalke (1933), Table I, indieates

the following feeding habits for the winter months,

TABLE I
PERCENTAGES OPF FPOODS CONSUMED BY PHEASANTS

DEC. JANR. FEB, MAR. AVER,

Cultivated grain| 79,349 | 35.867 | 80,203 | 86.083| 70.363
¥ild seeds 18,781 | 4.480| 16.751 2.893| 10.728
Fruits & nuts 1.803 | 45,751 0.000 0.308| 11,938
Insects 0,024 | 3.58l| 0.000 0.006| 06902
ass & leaves 0el43 | 10,231 | 3,046 | 10,707| 6,031
8Cs An, matter| 0,000| 0.300| 0,000 | 0,000 0.300

Wheat and corn are the most important grains in the diet
of the birds during the winter but the importance of fruit
during poriods of inclement weather and deep snow 1s indicsted
by the inoreased proportion of wild fruits in the birds! diet
during such periods. Dalke (1937) stated, "Pheasants tend to
frequent shrub areas and thickets during inclement weather

and are conseguently more closely associated, than ususal, with
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wild fruits, particulurly froat gruape. In certain aress
where frost grape was abundant, pheusants were observed
foeding upon this source of food almost to the exclusion of
other neuarby foods, such us ragweed (Ambrosia) and burdoeck
(Aroctium)¥,

The Iimportance of the various natural fruits taken by
Southern Michigan pheusants during the winter, based on balka's
(1937) crop sanalysis, is shown in the following Table II.

TABLE II
PERCENTAGE OF WILD FRUITS CONSUMED BY PHEASANTS
Fruit % of Total of %4 of Total Amount
yoara food of Fruit Baten
Grape (Vitis vulpina) 4,1 54.3
an, dogwood (Cornus paniculata) 0.4 5.3
ightshade (Solanum Dulcamara) 0.3 3.9
derberry (Sambucus canadensis) 0.2 2.8

Wild frults are taken consistently and their use is
ususlly determined by their availsbility. If more wild fruits
were available, 1t is probable that a‘highor consumption would
voluntarily follow, not only becuuse of availability, but
because of physiological requirements for & well-balanced diet.

Review of Nutritional Jtudies of Wild Birds and Phessants

One of the first actual nutritional studies with wild
game bird foods wss carried out in 1831 by Errington (1931).

In this test, a series of pens of quall were fed various single
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kinds of wild seeds und fruits to be tested and checking
welght reuctions sguinst & serles of control birds kept on &
ration of four pearts corn to one part wheat, A check starva-
tion pen was run to see the rate of body loss with no food
available. Before putting the birds on the test, Errington
(1931) determined what he calls the "provisional standard of
wolght", 200 grams, or what a hbalthy and well~fed quail
should welgh. The foods used in this test were black loocust
(Robina), sumse (Rhus), rose hip (Rosa sp.), sweet clover
(Melilotus), bittersweet (Celastrus), and grape (Vitis).
From the final results, the conclusion was assumed thst the
specific foods or food combinations, except black locust seed,
under the given conditlions,of ad-libitum feeding did not keep
quail aﬁ the physlical level requisite for wintering.

In & review of the work done on the uactual determination
of the nutritive value of foods of the anmal in the wild,
only references will be made to avian studies as to type of
study, iesulta, and value,

Kendeigh (19831) in & study of the role of environment
on the life of birds made the reference to their need of
vitsmins. These vitamind foods were needed for spring develop-
ment of the gonads. Again, in another report Baldwin and
Kendeigh (1932) stated thats "the normal body of an animal
will compensate fﬁr low environmental temperatures by increased
heat production and decressed heat loss"., However, to meet
such conditions, the bird requires a nutritious food supply
for the ingestion of easily oxidisable food raises the body

temperature, whereas lack of adequate food results in starvation



-13-
and a progressively lowering of the body temperature.
Bissonette (163%) demonstrated that diet may modify the
reaction of a starling (Sturmus vulgaris) to light. On a rich

diet birds muy be brought to full spermatic activity within
20 days, whereas birds on a restricted diet and under similap
light oconditions failed to even 1nduce testis activity.

Along with the studies of the food habits of the wild
pheasant, Dalke (1933) presented a figure showing the flustua-
tion of the various nutrient constituents of the pheasant's
plant diet for the year-round period (Appendix). This report
on the nntrient‘cumpoaition of the wild pheasant food, was
made by analysing the erop content material for e=ch month and
then camputing the chemical composition from unalysed plant
foods of the same kinds. Data of food habits from which this
information was derived made up only the plant food of the
bird and as such, totaled 89% of the totul food eaten, the
rest, 11%, not anulysed, included mostly animel food.

Dalke's presentution of the gross chemical value composing
the pheasant's diet 1s possibly the first attempt at such a
study of the wild bird's nutritive intake.

In a generalized study, Dove (1935) atated that; “regurd-
less of inate abilitles to select foods, the individual 1s
often limited in food selection by the variety of foods avail-
sble"s 1In & study of the effects of various foods upon the
individual, Dove stated that "It can be shown experimentally
thut access to one set of foods, i1.e., corn and osts alone,

will produce individuals so nervous that they run theme-

selves thin und become excessively exoitable and irritable,
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but when the same two foods ure given with & thirc, the mineral
caleium, the excitabllity is grestly reduced and 1life is
prolonged. The whole physicsal, mental, and soclal stutus is
closely associated with cholce of food", or in other words,
supplementary foods will make & ration that 1s "qualitsatively
complate and quantitsatively sufficient®,

Hosley (1638) in an evaluation of several woody plants
for food uand cover use by wildlife stated thats “"¥We are still
in the dark &s to the nutritive value of fruits" and "we are
Just making & beginning on the fmportsnt questions involved",
In a tabular form, Hosley gave some of the savallable chemicsal
analyses of nuts and fruits with that of corn and graashoppers
given for comparison and stited thats "These few analyses show
that the materlsls covered ars valuable foods for wildlife,
when considered from the usual standard of chemlical makeup.
However, one of the greatest values of frults to wildlife 1is
apt to be through the vitamins or other special properties®.

In 1936, Errington (1937) published his second series of
experimental feeding results and this time with ring-necked
pheasants and using practiesally the same foods as he did in
his previous quall studies (1931). The experimental procedure
was based on the fleld observationxl and experimentsl technique.
The study was carried from January to April, 1833, with four
to eight birds in a partially exposed pen., Prult and water
were freely avallable. All food was fed as single items and
"ad-11bitum®, Weekly welghts were taken of the birds., For
ocontrol birds two males and four females were kept on yellow

corn and green food for 62 days; a second éorias of controls
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consisted of birds that were starved., Test items were sumsae

» Rhus glsbrs, sweet clover, Meliliotis, glunt rugweed, Ambrosisa
trifida, poison ivy, Rhus Toxicodendron, burdock, Arctium,

velvet leaf, Abutilon sp., dock, Rumex sp., smertweed,
Polygonum sp., buds and catkins and & mixture of &ll foods.
Errington stated that; "the exclusive feeding of a single
item of dlet to animals may have questionable pertimence
because of the effect of monotony of dlet in bringing sbout
welght losses recorded. It should be clear, however, that
the experiments on & whole were planned to duplicate critical
cconditions found in the wild®., From this study, the sbove
uutiior makes the distinction between "staple foods" and
"emergency foods". The stuple foods have the ability to keep
birds 1n good flesh and carry them over the critical period,
whereus, the "emergency foods" retard the rate of starvation
by about one half of what {t would be 1f the birds ase no-
thing.

Biasonatto (1937), working upon the stimulating effect of
red light on testis activity in the starling (3turnus wvulgaris),
indicated that light exposure 1s not the only factor conditioning
the sexual oyecle of birds, for in some species, lack of certaln
dietary sssentisals muy retard breeding und nesting activity
until a high protein diet and certaln vitamlns are available
for feeding the young in vitrio. The profound influence of
diet upon reproductive rhythm und capacity 1s‘governed by the
presence or sbgence of the vitamins and through genersl
inanition from nutritlonal deficlencies of proteins, fats, and
minersls. In general, it 1s the quantity and quality of
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nutrients that make for proper sexual functioning of birds,

In the 1939 Year Book of the Dept. of Agriculture, an
uttempt was made to show what has been done in the field of
mitrition and feeding of gallinacious birds in the wild and
in captivity. The mutritional differences between species is
explained briefly in the light of the types of natural foods
selected in the wild. Like sll forms of unimal life, the

pheassnt has definite nutritional requirements, which
may or may not differ in the wild from captivity, but these
are essential in varying degrees 80 that a balanced dlet may
sllow for proper growth, maintenance, u&nd reproduction.

In determining the moat economical diet to carry gume~-
farm pheasants over the winter, Skoglund (1939) found that
feeding & grain mixture of two parts oosarse cracked yellow

corn, ens part of wheat, and & part of oats resulted in the
best pgrowth as measured by total galn and percentage gain in
weight,

The evaluetion of an adequate diet must take into oonsid-
eration all materials that go into the diet of the bird,
McCarm (1937) studied the effect of grit on pheasant and was
quite convinced that grit serves as a source of nutrients as
well as a grinding agent in the digestive system of the birds,

It 13 well known that nutritious food 1is important in
maintaining the proper body metaboliam of animals during severe
periods of weather and other periocds of stress. Smith (1939)
experimentully demonstrated that pheasant chicks that had been
recently fed and had ready access tc easily oxidigable food
were able to withstand more exposure to 00ld and maintained &
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more normal body temperature than did experimentslly starved
chicks,

In 1940, Skoglund again reported on & feeding study made
with pennad $ingnecks to dstermine the grain food selection of
the birds under confined conditions and found that the birds

regulated their diet as follows:

Orain Per cent
Corn 38,79
Wheat 54.71
Oats S.16
Berley 4,95
Buckwheat 6.65
Soybeans 11.75

In the winter of 1939, while at ths University of Conn-
ecticut, the writer had occasion to meke some preliminary
nutrition studies and following aqmewnat the proocedure used
by Errington{l1930) attempted to determine the comparative
mitritive value of rosehips and barbderry, using’yellow corn &s
& busis of control. |

Another study worked out by the writer (1941) was the
theoretical development of & method for determining the compara=-
tive nutpitive value of wild frults,

The most recent published report on nutritional studies
is by Hammerstrom (1941) and in this report, he states that
the purpose was "to determine whether a dist of bdrowse (buds
and catkins) alone, in unlimited quantity and finely selected,
ocould maintain the weight of prairie chickens (Tympanuchus
Cupido americanus} in winter", The aignificant and expected
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finding of this experimental study was the affirming of the
importance of grain in the birds! dlet.

One of the more recent studlies, made by #right (1941) in
dashington County, Rhwde Islund, attempied to make a nutritive
evaluation of the foods euten by guaill and pheassnts in the
wild state. The study was very much like Dalke's (1933) for
the individual food ltoms were chemically analyzed und then an
approximate composite analysls of i1tems uggregating 9.6 per
soent of the weight of the pheasunt food for the months of
November and December.

A non=-experimental method of determination of nutritive
velue of frults is the work by %ainic snd Forbes (1941). The
nethod used by these workers was an intensive chemical analysis
of 25 specles of frults and 10 species of nuts that show prb~
mise as wildlife foods wnd can be encouraged in wildlifs
management.

The majority of nutritionsl studies with wild game birds
have dealt with the evaluation of single 1items of food, andyg
eilther derlived reaults from welight reactions of single feedlngs
or have attempted to determine mitritive values {rom chemio&l
analysis. In thlis following study, the wesakness of single-
ltem feeding was partially overcome by working the test evale-
uations from a common basel rution, It was felt that dlets
deficlent in the essentisl basal nutrlients will not permit
satisfuctory comparisons of supjplements, or test foods.

Of the various test methods and experimentsal procedures
uged in avian matrition studlies, there is no one procedure that

can be used for the speclfic purpose of determining the compa~
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rative nutritive vialue of zany given series of foods. To
derive sccurate results, & combination of methods, employling

blologlcel and cnemical assays nust be used.
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EXPERIMENTAL PROCELURES USED
Test Kethods in Ardmal KNutrition

All basic methods in svian nutritional studles are derived
from the poultry nutritionists vho have mude remarkable pro=
gress in thls fleld. In & survey of the literature pertaining
to poultry nutrition, there zppear to be three genersl methods
used to deternine the effect of nutriticnal differences.

These are the lndividual feecing tests, the paired-feeding
test, and the group~feeding test,

Individual Peeding Test: The individual feeding test
method, in its almplest form, hes &ll the expsrimental animals

in separate pens end thus has complete control over ecch
Indlvidual, snd, &lso the ability to repulste the food intakeg
The results cen be hancdled as individual date snd as such are
much more relishle than averages derived from group studies.
‘thls method, however, involves the use of a large number of
animals snd an equal number of cages. A great deal of time
rust be spent in the care of the animzls on such a test and
also, the feeding 1s done on a controlled level of intake.
Ihe Palrec-Feeding Test: In the palred=-feeding test

method, the fcods to be tested are fed to palrs of snimals,.
vne enimu«l of a given palr 1s placed on the control ration
end the other 1s placed on the test ration; both animsls are
glven exaotly the swme smount of food,

mech animel of & test palr must be sas nearly iike the
other as possible in age, size, previcus history, and general
physical condition.

the emount of food given is determined by limiting the
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intuke oB both to that of the anlmal consuming the lesser
amounte.

The data obtalned from this type of experiment 13 eusy
to handle statisticsally, but is open to criticism in that
limiting the food inteke below the normel level may defeat the
very onurpose of the experiment. In practical tests in whieh
palatabllity and level of food intaze are importint eriteria
of the relative vulue of the rations, there is need for unres-
tricted food consumption, and the palred-feeding test does not
permit this. This test 1s most useful in experiments that
attempt to messure the specific effect of any one nutrient
pather than the over-all effect of a food.

fhe Group-Feeding Method: The proup-feeding method of
studying the mitritional velue of a food 13 the one thut has
been modified and used in this atudy =né for the present will
be only briefly deseribed, for it will be expanded in more
detail later in this paper.

In this method of study, the animals are grouped several
to & cage und food is given "ad-libitum®§ Animals which meake
up esch test ouge are selected for similarity of age, sex,
physicusl, and physiologicsl charscteristics. This type of
sxperiment does not allow for individusl control nor does it
yield cuentitative datu on small differences., This procedure
is one of the simplest to follow from the atanhpoint of labor
and ecquipment involved &nd still ylelds deta of significant
value. This group~feeding method is especisally useful where
palatubllity, level of food inteke, &nd compsretive over=-sall

wAd=1ibitum® -~ free choice of quantity at all times,
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gffect of the food in question are to be detsermined.

sXPEARIMENTAL MATEHIALS ANID HMeTHODS USED IN Tin

DEVELOPMENT OF A QROUPsFsTDING PROCADURE

In the development of any mutritional experiment 1t 1a
ossential that the procedure be planned und conducted in a
manner that will reduce to & minirmum the number of varisbles
and &lso the possible interpretations. To reduce the number
of vuriables, 1t 1s necesssry te extend control to every
experimental condition that might possibly influence the re-
aotions of the animuls under test. It 1s also important that
contrcl and test animals be subjected to exuctly the sume
experimentul conditions except the one verisble that is being
studied. In the following deseription of methods and materials
used, an attempt was made to describe each variable and other
considerations that rust be evaluated in the plenning of a
valid mutritionsl test,

Time of Year Test #es Muade

The first considesration of & short-period mutritional
study is the time of year to make the tests, i#rom actual
f1eld reseurch of food needs and physiologicual changes of the
phessunt, it hss been found that a test made from December to
March is the most satisfactory. At this period of the yesar,
climatic conditicns are usually severe and thus the utmost in
& food 1s regulred to supply the bird with the proper nutrients
to help maintalin normal body heat and general msintenance.

Inoreased csoldness resulis in &n incorexse of body metsbolism



with the ressliing increcsed demand upon the food to supply
the heut onergy necessuary to malntuin the mormal metabolism
of the tissues,

Rslde Ffrom the general reguirements of malntalning the
body at a normal temperaturé, the incressed physiclogiceal
changos occurring within the reproductive system of the bird,
require food of & high mitritious level. It is at this period
of the yeuar that tiie birds are caanging from the premating=
phase to the actlive Peproductionrphase.l %ikh the increase
of physioclogical activities and the severe climatic conditionas
the birds rust eope with, it seems quite apparent that the
period from Lecember to Mareh 1is the 1deal one to test the

mitritionsl value of & food,

Cage Construction and Loocatlon

It 13 an fmportant consideration in the test procedure
to have the holding pens built and loosated correotly so as to
facilitate the handling and welfare of the birds. Of the many
conglaes,ations In the bullding and location of the test pens,
the following items were ccnsidered;

1. Size of Cages: The slze of the cages depends upon

the number of birds to be held znd s good rule is to allow @&
to 8 square feet per bird,

2. gonstruotion of Cagess The proper construction of
the hens 1s important for it facllitates the handling of the

birds, the sanitation, and the general welfare. The conatruction

1
He Mo Wignt, "Life History cf the rheasunt in southern

Michigan?, Unpublished msnuseript, University of michigan
(1042).  Pp.IdTs R 8
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and 1t i3, therefore, necessary that they be subjected
to tiwe natursl wealrer cihunges.

Be Hormul exposure to suniight is important to the
healtih of the birds und they should be allowed all the
sunlight possible.

Ce Blrds must be protected from molestation fer
otherwlse they muy stop feeding, und will often injure
themselves when strangers appear or other influences

frighten them and they fly blindly about the ocage.

Feeding Egglpment

In a study where weight &s related to food consumption
is & necessary criterion for evaluation, it is most important
that the food intuke be acourately determined. It ia simple
enough to keepcgonirol of the amount of food fed to the birds,
but it 1s not an easy task to account for wastauge and spilled
food. To overcome thls situation, it was necessary to use

splll-proof and weather-proof hoppers with catch trays under-

nes&ath,

3election of Test Birds

Birds that were used as test aubjecfs were 3elected
three weeks before the start of the experiment. This period
might be called the "conditioning period" for it allowed the
birds to become ucoustomed to their new surroundings, but what
is more lmportant, 1t allowed the selection of uniform birds.
The selection of test birds involved the following eonsidera-

tionss
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A. Birds asslected for test purnoses were of the same
gsnetlc orlgin and had been raissd to maturity under
3imilar condlitions.,

B, Blrds =ware of aprroximately 8 montha of age and
wore just reaching their first reproductive season. The
utilization of birds of thils age minimized ths variable
of growth requirement and stressed mailntenance.

Ce The welgnts of the birds in any test pen should
not vary by more than 10 to 15 per cent from one another,
The total average welghts for all test pens should agres
within the 10 to 15 per cent limit, but this was not
atrictly adherred to because of uncontrolabls circumstunces.

De It appears that in expsriments involving small
numbers it 13 best to use birds of one sex. Male birds
are known to utilige their food better than hens, but the
femzle 13 more reactive to food ohanges. During the
perlod from December to March when the tests were made,
the hen is undergoing rapid sexual maturation, and a
highly nutritious diet 1s required; otherwise reproductive
capzclties may be hindered. Similar physiological changes
are teking plese in the msle bird, but the effect of a
poor dlet on the raeproductive capacity cf the male doces
not have sany notloceable affect within s period of four
montha.l

Be The birds that were selected were as nearly alike
in temperament and physical characteristiocs as possible.

Disessed and sick birds were rigidly cullead.

I
Ademstone, F. B, end L. B. Card. The effect of vitamin B
deficlency on the teatis of the male fowl,
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f'e There vwere from four to five birds per pen. The
number of birds tov use in any test i3 dependent upon the
facilitlies for hundling them, but the larger the number o
of test birds the more reliable the results will be.

The fewer tiie birds used, the mcre nearly allke
they should be in pliysical und physiological characteristics.

L ]
SZELECTION AND PREPARATION OF DIETS

The determinution of what foods are to be evalusted depemds
entirely upon the investigator and hls purpose in mind, so no
stutement will Le made other than the slmple fuct that if it
is & winter-study, it 1s necessary thet foods be used that are
naturally svellable for thls time of the year.

Collection of Fruits: The collectlon and storage of the

frults wus important considerution. It was found that after
the first heavy'frost, most fruit was in condition to be
pickeds Fruits that were persistent were not plcked until
later in the sesson for it 1s better that they be kept in &
naturul state,

Storage of Frultss Frults that are avalleble to pheassnts

during the winter have been subject to all the verying climatic
conditions and tﬁés has a direct influence upon their nutrie

1l
tional contente. All foods that were ocollected in the fall

were exposed tc normal weather conditions by storing the fruits

on wire trays outdoors.

I Jee Appendix for complete rations.

Hellmeus, Ho "Variations in mutritive value of deer foods"
Journ. of “ildlife Managsment, Vols. 4(3). 1940,

2
Influence of diet on the gonad activity of the English Sparrow
Jde Cu Porry. Proa. 300. Exp. Blol, & Med. 38(8).
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LVerivation of the Test Diets

The preparatlon of the physicul equipment, the selection
of test birds, and the collection of fruits to be tested was
& minor problem in comparison with the task of preparing the
asontrol and teat dlets,

The developing of a control dlet simple enough in com=
position but atill sble to furnish the birds with an adequate
supply of nutrients was the firat problem to consider. To
provide a basls for the control ration, data were taken from
the food habit studies of wild birds and also from experimental
feading studies.

Dulke (1933) working on the winter food habits of vhea=
sants in Southern Michigan, found that grains made up approxi-

1
mately 70 per cent of the bird'!'s food.

TASLE 1II
FORMULA FOR CONTROL FOOD

FOOD PERCBKTAQE
Yellow corn 64.50
whogt 40.00
Meuat sorap 525
3alt 0.28

100,60

1

Pe D. Dulke, "Food hablits of pheasants in michigan based on
¢rop &nalysis," Ecol., Vol. 18, Ro. 2 (1933). Pp. 194-213,
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A study by Fried (1940) in iinnesota, indicated that for this
same neriod of the year, grains made up 88 per cent of the
pheasant's foods The remalning percentage in both mentloned
food studies was composed of wild seeds, fruits, nuts, insects,
grass, leuves, snd miscellaneous matier.

In & study carried on by ¥, C. Skoglund (1940) pheusants
were sllowed to selact what grain they wanted, and the final
results showed thut corn and wheat were fteken in slmost equal
proportions, whereas other grains were tsken only in small
quantities.l

A control ration, 1llustrsted in 'Tadble 111, was developed
from the dats uavailable in food hablts studies snd from
Skoglund's (1939 & 1940) experimental feadings. ‘“The control
ration, illustrated in Teble III1 is composed of a higher
proportion of corn and wheuat than wild phesasants are normally
accustomed to eating. This proportion is necessary because of
the simplicity of the ration and the use of only two basic
grains, lMeat acrap and salt were added to supplement the animal
and mineral foods thut the birds would normally pick up in the
wild, or recelve if they were red & complete dlet,

In the preparsation of the basal ration, to which the test
food was to be added, somewhat the same procedure was followed
&3 in the development of the control ration., Lalke's work

{1837) on the food hablts of pheasants in Southern Michigun,

was followed closely. Table IV shows the percentage of various

T

We C. 8koglund, "Self selsction of fsll and winter foods by

ginggeokod pheasants™, Penn, Game News, Vol, 1I, No. 7 (1940).
e .
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'rooda gatan by tiae birds during the four winter moaths. It

is from this table that the basic ration was developed.

TABLE IV

PLIRCuNTAGES OF VARKIOUS FO.D3 EATEN 3¢ fILD
PHEASANT3 DURIKG THr ¥INTEN

FOOL ITkN DiCe JAN. FaB, MAn, gngAGR
MONTHS
Cultivated grains | 79.35 35496 80,20 86,08 70.10
%11ld seeds 18,79 4.48 18.75 2,89 10.78
Fruits 1.69 45.75 0.00 0.308 | 11.99
Insects 0.024 S5.58 0.00 0.006 0.90
Grass and leaves 0el143| 10.23 3.05 10.707 6.03
Fiso. matter 0.00 0.00 0.30 0,00 0.003

This teble indloutes that the cultivated grains are the
bulwark of the wild phessant's winter focd, and, therefore,
it was declded that the basal ration should be made up of a
reluatively high proportiocn of grsin, but the amount should not
be tco high to mask the oumulstive nutritional effect of the
test fruit. Teble II indicutes that fruits comprise an avere
age of 11.93 per oent of the winter diet. In the experimental
work, the object wus to determine the ccmparative fcod value

of tue fruit, and to do this 1t svemed loglcal to subject the

T
Fo Ds Dulke, "Pood hebits of pheustnts in Michigsn based
on crop analysis?, Kecol., Vol. 18, No. £ (1933). Pg. 208.
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Dirds to u decreased zraln ratlon and an ineresased fruit
ration. ‘The proportion of test food to basal ration that
shoulid be fed, depends largely upon the simpllieclty or the
complexity of the oxperiment. The 1desl proccdure would be
to test eazh of the frults at different levels, but thls method
involves & great deal of work., #From psrsonal compunications
received fram gseveral men sngeged In poultry or pheasant
reasarch work, recoamendations for substitution ranged from
5 t0 50 per cent for dlets of one lavel, 1s2, &3 The finsal
proportion determined was 35 per cent test food and 65 per
cent basal ration; this proportion spproximated the graln
sating level of the wild birds. Table V illustrates the
composltion of the basal ration.

vhe ratio of ,test food to basal ration 1s largely a
matter of judgment, but some helr may be had by a study of
the food habits of the wild birds as 1llustrated in Table IV,

To detarmine the sffect of fruits in the diet of the
pheasunt & more drastic measure was rssorted to, and that was
to greutly incresss the proportion of wild fruits in the dlets

of the birds. As the test was conducted, there were duplicate

pens of euch test series and up until the slxth week each pen

1

3¢ W. Callenbach, bept. of Poultry Husbandry, Frenn, 3tate
College. In & personal letter dated November 29, 1840, recom-
mended & subatitution of § to 20 per ocent of test fruit.

2

C. H. Schroeder, uvirector of Poultry Kesearch, Luirro Ressurch
Furms, Detroit, Michigan. In & personal letter on Hovember 30,
1940, recomnended a 50 per cent substitution of test frult.

5 .

We Co Skoglund, Dept. of Poultry Rusbandry, University of
Delsware, In a letter dated November 22, 1940, recommended &
30 per cent substitution of test fruit.
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TABLE V
CuMPO3ITION OF BA3AL RATION ARD ‘Pa3T FOOD

Basal FOUD ARMOUNT BY POPAL CuUNPUSITION OF
PEHOSNTAGE BA3AL AND Tu3T KATIONS
Corn 19.75
wihesat 10,00
Mesat scrap 2¢50
Salt 0.25 65 per cent
Te3T FOOD
35.00 35 per cent
160.00 100 per cent

of duplicates was fed the same test diet. From the sixth
week until the end of the experiment, one set of eacu of the
duplicates was subjected to a reversed diet or one that was
66% fruit and $5% basal ration. <his ration ot foods was
known to be out of proportion but it was felt that it should
be this drastic if any significant physical or paysiologloal
reaction could be expected in the short time left for the
study. Table VI illustrates the sompousition of the reversed
teat diet.“

» 3ee appendix for results of this reversed test dlet,



TasLE VI
CURPUSITION OF 65-3% BASAL RATION AND TE5T FOUD

BASAL FOOD PERCENTAGH TOTAL COMPOSITION OP
BASAL AND Ta3Y® RATIOH
Corn 19.5
Wheat 10.0
Meat scrap 5.0
Salt 0.5 35 per cent
TEST FOOD
£8400 65 per cent
100.0 100 per cent

Preparation of Final Test Dlets: Having declded upon the

proportions of test food to basal ration that was to be used
it was neceasary to get acocurate proportions of the ingredients
in the food mixture, The basal grains are in a semi-dry con~-
dition whereas the fruits that were stored outdoors still have
& high molsture content. To bring the moisture level of the
frults down to approximately the level of the grain, it was
found that placing the fruits indoors &t room temperature for
two weeks removed enough water to make them ocomparable in
molsture sontent to the bhasal grains,

After the frults had dried suffioclently, 1t was necessary
that all woody stem and foreign matter be clesned from them.
#hen the fruits were relatively fres of foreign matter, and

at & low molsture content, the basal grains and test fruilts
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Lheﬁf%e nousured on wn walr-ary wand pound for pound buasis.

Alter the test and besul fouds were mixed in the desired
proportions, LU was necessury Lo deternmine a method of pre=
senting the feed to the birds 80 Bhat they would eat it in
the desired proportions. In & mixture of whole gralns and
fruits, the birds would sbow preferences for a ccrtsin grain
or {fruit. To overcome the tendency of [ood preference, the
mixtures were prepared in a mash form so thuat the birds could
show no preference when selectlng thelir food.

All graina used in this experimental method were procumed
und ground at & locsl gruin milles The grinding was done by
two different sized grinding screens. The basual gralins were
ground on the "fine" soreen and the gruits on the "medium”
acreen. This two-type grinding resulted in a more even-
textured mixture of feed than did & grinding with the "fine"
or the "medium" screen slone., After the graln and the frult
was ground, meat sorup and salt was added and then wll of the
ingredlents were thoroughly mixged.

The fesding of adult birds on & mash diet may seem to
have been u questionable procedure to follow, for mash 1s
usually conaldered as & food only for young birds, but there
was no other alternative except prepuring the mash in pellet
form.1 The only advantage of feeding the birds with pellets
woulé be that 30lid food woudd be avallable, but bulklness of

food would have no effect upon the final results of the dlets.

b
Pellets are made by forcing dsmp, mesh foods ihrough the
holes of a die and then dried to the sige of & small pea-bean,
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Jhewsants normully grind their food to o mush form ené thus
there 1s little dunger of fnercesing the digestibility hecause
of the greunc conaition of the food, In & peraonel commuini=-
catlion, Z. 4 Callenbach (1) of Peanoylvenla Htate College,
stated theo the only cffect that u proionged mash diet might
have upon &dult birds would be to decreuse the size of the

glazurd after « long period of such feeding.

supplementary Meads

ity the control ration and the test ration prepured amd
reudy four use, the next item consldered was the use of the
supplemontary foods. These foods, watsr, grlt, &nd green
vegetuble matter, are not ordinarily thousnt of as specific
foods, but each one is absolutely esasntial in the normal
dlet for the function or funections that 1t performs.

Xatart Huter 13 a food of extreme importance in the
physiclogy of any animal, and it 13 esasential that an sde-
quate supnly be avallchle at frequent intervals,

Grit:s The use of grit by pheasantas 1s conaldered to
serve a dual purpose: first, to provide roughage to uid
the gizzard in the grinding and crushing of food, and
secondly, to supnply the body with minersals,

Recent studles msde %y L. J. McCann (1937), on the grit
requlrements of pheasants, nroved conclusively that common

glaclal gravel supplied the birds with an abundance of the

2
3ee report by 3wank (6), Peraonsl CJorrespondence,
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mineruls that awre essential Lo hmaitn.l I & grit material
that does not fDurnlsh tie mineral elemsnts essential to the
alet of the Birds fed, structursl anG functional injurges
occour within a period of two Weeks. From this duls, it was
thougut that « liberal supply of native glaciual grit would
best meet the roughage and mineral requirements of the birds.

The grlt was supplied in separsate noppers and an abunde-

ance was available at wll times.

Green Food: The use of green vegetuble mutéer is very

important in the diet of a pheasunts From green foods, the
birds derive mineruls, nutrients, and vitamins tuat other
foods do not supplye. A review of Tuble I1I indicates tout
grass &nc leuves waount o 6403 per cent of the uverage
winter diet. When snow covers the ground for any length of
time, the birds cannot get at green foods, but whenever the
grass, or other lealy muterial is available, they eat it con=
slatently. dlnter wheut, clovers, and green-manure orops
form tae supply of green food during the winter, and such
foods wre usuully avuillable on every pheasant range.

Almost any green lealy food oun be given the birds to
aupplement tielr natural dlet. Lettuce and cabbuge were found
t0 De very satlisfuctory woen fed twice a week; each bird
recelving sbout an ounce of greens at a feeding.

In the feeding of the three supplementary foods, no

control ol quantity or quality was made, It was wassumed that

T

Le Jo McCann, "3tudles of the grit requirements of certsain
upland geme birds", Journ. of #ildlife Manszgement, Vol. 3,
No. 1 (1957)0 Pp. 17«38.
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211 hirda would be aublected to the swme ccnditions &nd the

influence of variables would be &nsignifilcant.

RFooding Methods

th the econtrol and test foods prepared and the birds
selected for tho teat, the actual feeding was beyune In this
aimnliflied axperimentsl method, cnly a basic set-up is used
with duplicatae pens of each test food. Fipure 1 1llustrates
dlagramatically the physical testin, plant-ussad in the ex-
perimantal atudy,
Mve duplicate pens are illustrated. One, a control
unit and the others are the test pens.

The birds were fod once a cay &nd given morc food than
" they would normally consume. There are numsrous srgumsnts
about the weakness of this "ad-libitum™ feeding, but it was
decided that thls method would be the most natursl,and, also,
most practieel in thls teat. «*1ld birds ape not usually
1limttad to & conatsnt low level of food intske and normslly

fead until they are satiasfied.

CONTROLS BASAL # BASAL £ BASAL £ BASAL #
FRULIT A FRUIT B FRUIT C FRUIT D

1 [ ‘ Al

: [ | | |

| | | ! l

] | I | |
e 1a 11 iIA 111 1114 1Iv Iva V VA

Plgure 1. Diagrsmmatic nlan of the vhysical testing plant

showing how euch pen is divided up into cuplicuate compartments
and how the numbering system is used.
partment,

Four birds in each com=




30w

M ffeprenses In the lavel of food consurmption may be
causzad by the individuality of the anilmsl or by the difference
In desirabllity of the food. A larger cmount of food may be
aontumed in some test dileta hecause of the inferlority of the
nutrisnt content, henca the nnaed of a larger quantity of food
to supply the noceassery food elements. In dircsct contrast to
the poor food, & dlet may have a stimlating effact upon
hunger hecausa of 1ts high nutrient content and ease of utile
1zation,

Tha nutrlent content of a food 1s not the only consider-
ation to svaluate when lavals of ford inbkake are different,
Past axperience, snvironment, and genstic makeup of the
individnal have a strong influence on the quantity of food
that w111 ha aaten. To overcorme =11 the variables that cause
individnal differances in lavel of food consumntion, the "ad-
1ihvitm™ mathod of fasding was considersd to De the most

irmportint,
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feather and dermperature:

In the detarmination of experimentsl recults, one factor

thet gzeria w fmportint Influende but that 1s aifficult to
evaluc e 2 thie effzot of weabther suv.ditions, This teat was
purpesely planmed zo that tlin feoding Ttrials would coincide
it tho ¥erltlical period” or the months of Junuary, February,
w218 Merclie It 13 during theas months that the rheasant'!s food
supnllies are often limited and fhe %irds nmust resort to whate
ever s wvalluhls In eorder to madnialn themaclves,

Durding the months of January, reobruary, wnd March, 1941,
the waeather condistions at Ann Arbor, Michizun were not as
asver: s3 the avarags pust winter, In thia athwly temperature
WS cona\ ar2d the aost Important of the olimati:c factors
becauss of tha fact that the hHirds were czoed, anow depth or
amount did aot affact them in any wvay. A contimious record
was kept of Yomperature by the use of z Friocz Hysrothermegraph
that was locutsd at the side of the axperimsntal pens,

Results obtalned from the recorder wers handled in two
waya. Table VII glves & tubular sumnation of the mean and
minimim tomperature for the durstion of the test period.

The 3ocond method of indicating temperature will attempt
to show fthe moan temparaturas for tho Lwo dally neriods of
rhyalologlical rhyihm in the bodr tamparature of the bird,
the dayligsht pariod of sctivity and the night period of
relative inactivitr, igures for thia methond of tenperature
proasntation ware dox»ivad By hHraaliin~ she 24 hours of each day

into actual peri.d: of }ight and darkness and then determining
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TI3LL VIX
M il AND Lﬁ&i‘f IUK THMPonATUNGLS=FLEB, =Mar,
Fahrenheit
L 2m 0D Jdle | JA0Tl| Faide| Fuls |Puz, FuBe | HAn,| Nirne |MAR. | MAR. | MAR
20-25 |26=31 1-7 | 8-14 (16~21 |22-28 | 1=7 | 8~14 (15-21| 22-28 iﬂ-

PR
)

badsd Ji

TP o 2447|2545 2542 | 2041 19.1| 21.2 200 | 3143| 25,0 31.0 37,

LlNIMUH

'Lﬂﬂ.uk}o 1805 1305 1400 l‘iob lU.U 1390 1‘7.0 2300 905 2105 22.

the maximum, minimum, and mean temperature for each period.

The hours of daylight ana durkness were divided as followss

BuGINNING OF 13T BND OF Ta3T HOus3 DIFFEXNCE
Hra . of darl: 14 «13 11 «08 Se 18
Mrie. of 11&55 Jed2 12454 5012

Reference to figure 1 shows the meun temperatures for the

perliods of darkness and light given as s0lid ana dotted lines

&nd the maximum anu minimum ranges are indicated by extensions

from the mean.

ror the duration of the test period there were very few

periods of extremely low temperatures and also the daylight amd

nighttime mean temperatures were not widely different.

In

general, 1t may be sald that the birds were exposed to a

fairly mild winter.






Tempersture and its jffect on Birds; In the determination of

the nutritive value of a food, it is essentlal that the food
in question be evaluated during the eritical period or during
periods of stress such as food scarcity and coldness, for at
such times the bird requires a fuel that will maintain a rate
of metabolism high enough to compensate for any environmental
change. The phesasant 1s normally not a bird that 4 es because
of starvation during any type of inclement weather, but the
severity of climatic conditions will influence the movements
of the birds and also influence the kinds and amounts of food
eaten,. To be in the besat physiological condition to meet any
environmental changes, the birds must have a source of readlily
availsble and mutritious food, to allow fod the internal
adjustments that follow temperature changes. Within a certain
refge of air temperature, physical regulation operates to
maintain practically constent body temperature without requiring
a notlioible change in rate of heat production., However, &f
the environmental temperature falls to a point where physical
regulation of temperatyre is not sufficient to prevent the
body from losing heat, there is an increase in body metabolism
and & resulting demand for more readily oxidisable foods to
keep the bird's body at near normal tempersature (103°F.).*
Normslly & bird is in a state of near balance insofar as
body heat 1s conocerned. However, if the bird is unable to
compensate for any rapid temperature drop, its body temperature
will fall. To best meet the need for protedtisn againat temp=-

« John Re Smithe A preliminary study of the body temperature
of the ringnecked pheasant. Unpublished Master's Thesis.

University of Miochigan.
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erature chungesa, an adequate diet is essentisl., Smith (1939)
in an experimentsl study of the body temperature of pheasant
chicks, demonstrated the fact that underfed chicks were unable
to maintain normal body temperature even when exerting musculsar
activity; well-fed ohicks showed & drop in body temperature but
soon regalned the original loss and suffered no visible dis-
comfort at a low temperature.

Pheassnts exhibit a dally rhythm in body temperature,
Smith (1939),and show normally high temperstures during the
day and low body temperatures during the might. It is therefore
quite evident that the night air temperature and duration of
darkness 1s the most important faotor involved in the effect
of low tempersature en pheasants, To somewhat compensate for
the lower body temperature at night, the expenditure of energy
is less and consequently less body fuel is needed by the bird.
Seasonal change in weight: In general, birds attain their

greatest welght during the winter, Kendeigh (1934), because of
freedom from activity of reproduction and moulting. wight
(1941) states that during the months of January and February,
the months of the most severe meterological conditions in
Southern Michigan, male pheasants lose weight -~ possibly
because of the physiolcgical changes that are taking place
prior to the breeding phase. A factor that may be involved
in giving resistance to quiock temperature changes is a more
active endocrine system (Kendeigh, 1934).“ The increased

% Kendeigh, 5, C. Therole of environment in the 1ife of birds.
Ecologkoul Monographs, Vole. 4(3). Pp.
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involuntury activity of the endocrine system allows for &
greater increase in the rate of metabolism when necessary for
greater heat production in the body..

At medlum winter temperatures the necessity for rapid
metubolism 1s avoided by the substitution of an insulating
coat of feathers and fat in the bird. It is only during of
umisually low air temperatures that the rate of metabolism
need be greutly inoreased. It is the combination of low
tempersatures and long perlods of being without adequate food
that causes this "oritical period”.

Hendling prior to and during test periods The test birds were

received on December 28, 1940 and placed in the various pens
entirely at random. From this date until Jamuary 16, 1941
(3 weeks)the birds were all fed the following rationg

COrNesevancscsvee 54508

Wheatesscsssnsee 40,004

Meat BCr&Pessecse 5,008

Saltecessscsseces 0.50%

GreonSecssessccee 3,008
For three weeks all birds were fed this same ration with the
purpose in mind of having the birds fo through an "initiation
period" in which they would become socustomed to their new
surroundings and also have the same kind of food for a period
before starting them on the various test diets.

This period of "initlation* alsc allowed for the selection

of the various birds that were to be used in each test pen.

Birds were originally selected on the basis of weight and
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apparent temperament. However, this did not work too well

for some of the birds exhibited & high degree of nervousness
and excitability so they had to be shifted about thus upsetting
the balanced weight selections.

Actual feeding of the test diets began January 19, 1641,
The birds were attended once each mid-afternoon,

Kach test pen was made up of 3 birds or a total of 6
birds per teat for there were duplicate pens of each test.

The two control pena gontained four birds aplece. In either
test or ocontrol birds, if the original number of animsals did
not complete the test because of accident or other reasons,

Any bird that did not complets the 11 weeks of the test was
counted out of the average results but his behavior up until
he dropped out was evaluated to see the similarity of reaction.
The actual feeding of the test @lets began on January 18, 1941
(week 1), Control and teat foods along with grit, and water
were fed ad-libitum. Green foods were given 2-3 times a week
and consisted of cabbage or lettuce leaves.

Original weighings were made the day prior to the sturt
of the test feedings (January 18, 1941) and then once a week
thereafter. The end of each test week was culminated on a
Saturday and then the weighings were made after dark, for at
this time the birds could be handled very easily. All the
birds of each pen were taken out and weighed within a period
of ten minutesj each bird was put into a weighing-sack where
it was held firmly and safely. The weighing-sack was made of
flour sacking and was funnel shaped.

The birds were weighed on a gram scule that was saccurate
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to one five~-hundredth of a gram.

At the time of welghing of the birds, the food trays were
removed from each pen and the surplus food removed and weighed.
Each week's aotual food consumption was carefully recorded.
Along with each day!s feeding procedure notes were taken of
the general condition of the birds such as activity, fighting,
slokness, plumage changes, and anything else that seemed
useful to complete the records.

The final results of the comparative mutritive value of
each of the four fruits will be evaluated in the following
text where euch study phase will be discussed in some detail

and conclusions then drawn from the data presented.

Mortalitys During the eleven weeks period of the test feedings,
no deaths of birds can be directly attributed to mutritional
deficiencles in the various foods eaten, although there may
have been deficlencles of vitamina and other food elements

that were not evident in this short-period feeding trial.

There was one death among the scontrol-grain birds and that
ocourred on the 4th. week. 7This bird that died was severely
pecked on the head during the 3rd. week of the trials, it was
then removed from the test pen and put into a separate pen
where it died a few days later. An autopsy performed by «
dlsease specisalist reported hemorages of the brain and also
lesions on the left lung that were determined to be an Aaper=-
gillos 1nrect10n..

»
Aitopsy by Dre. B. Co O'Roke.
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Another bird on the control-mash test was found in the
second week to be aoting very listless, the bird!s legs
sppeared weak and its eyes were dllated and turned. This
bird was 1solated for over a week before being autopsied. The
eautopsy revealed no visible pathological lesions.

Une bird on the grape-diet escaped at the end of the 6th.
week and was killed by flying against a brick wall,

Also on the Bth. week one bird on the nightshade diet was
80 severely pecked that it was taken our of the test pen.

| Severe peckings was noticed on about the third week of

February and by the first of March, two of the birds had to be
bill=~clipped to prevent them from injuring less militant birds.

Experimentsl Weight Reaction: The gain in weight of an animal

during its growing period is commonly taken as a measure of

the nutritive value of the food consumed and in this study,

waight reaction of the birds to the various diets will be

used as & partial citerion, along with food consumption reactiong,
and chemical analysis, in the comparative food ewaluation of

the fruits.

Wight (1641) stated that "the weight of & pheasant at any
time, or during any period, when compared with the expected
welght in the sex for that period should provide an index to
the bird's health at that time or period and should give evi-
dence of & high or low resistance., It further affords & means
of obtaining evidence of the effect of certain environmental

gonditiona guch as grologged/hnnting, migratton, severe weather,

and lack of food and cover’,

Hight, H, M. Unpublished Manuscript. University of Michigan.



Another fact that is almost entirely disregarded in the
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welght reactions of most food studlies of the pheasant is the

seasconal variation in welights of the adult birds, Unpubl ished

work by #Wight (1941) states that there 1s a cyocle of four major
phases that adult pheasants go through ana the body weight is

closely related to each of these four physiological stages,

Bach of the four stsges is a phase of the reproductive oycle

and i1s designated brlefly in the following table.

-

PABLE VIII
*
THr FOUR MAJOR PHY3IOLOGICAL PHASEYS OF THE rHIASANYT
FHASE  PsnIOD PHYSIOLOGICAL WsIGHT VARIATIONS
CHANRGES IN WILD BIRDs
July Moult
1 August Decrease in size
of sex organs
3eptembery Change in temp- 1231 grams
erature
Ootober Dormant oondition
of sex organs
I November
December 1321 grams
Jamiary Marked inorease in
sige of sex organs
11X
Pebruary 1275 grams
Mareh Aotive breeding
season
April
Iv
May
June 1347 greams

Permission of the author H. M. Wight.
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As tsble VIII shows, phuse three and part of phase four
need be considered for thyy overlap the period of the food
study. During this phase, the birds start to uncergo a very
@istinet physiologiocal change relative to reproductive matura-
tion, and may lose some welght. However, after the initial
stimull have reacted during this premating phase und the repro-
duotive funotions are activated, the birds then enter the fourth,
or active breeding phese. It is during the bYeginning of the
active breeding phase that a rapid inorease of body weight
occurs and the birds, both male and female, attain their
heaviest weightsof the four phases of the year,

Wath this enlightening information of Wight's, it further
complicates the evaluation of the comparative nutritive values
of the test foods by comparative weight resctions for as it
is clearly indicated, weight changes may occur independent of
food conditions or types of food consumption.

Welght Reactions Welight changes were followed very closely and

weekly weighings were carried out to determine any changes.
Rach group of birds is treated as & whole &nd results reported
as averaged for each group. Although the test groups of birds
were originally picked for similarity of weight, compllations
and final welght results differed widely and therefore more
value should be put upon percentage gain or loss in weight
rather than on actual weight gain or loss in grams,

Table IX gives the actual average gain in weight and the
percentage gains over the or;ginal average "initial weights®.
The results as recorded in Table IX show that the birds in the
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TABLE IX

AVERAGE DIPFBRENCES IN WeIGHTS (GRAMS & PERCSNTAGE)

FROM THE FIRST THROUGH THE ELEVENTH WxEK OF THE

TEST PERIOD

RATION KO, OF

WEIGHTS % WKIGHT GAIN WEIGHT AT
BIRDS T T OVER ORIGINAL KEND OF
WrIGHT 11 WEEKS
| | -
Control Hash |7 1428,0 | 1428.0] 1396.0 - 2.24 «34,0
| (Sthe
Iweek)'
Control Grain |7 125246 | 1299.0' 1286.6| f£ 2.71 A54.0
(10th.!
| week)|
arepe I 6 | 1420.0 | 1833.0 1883.0|  A£10.77 #154.0
(10th.|
w&‘k)l
Jnoaehip 11 7 1320.,6 141346 1379.0| £ 3.71 £49.4
| (8th, I
|wook)
Nightshade 111 6 1295.0 | 1376.6 1356.0 £ 4.71 £61.0
(8th, |
|wnek)|
Sumae IV 7 1364.5 | 1458.0 1414.0 £ 3.62 F£49.5
(?th1|
|weok)

% Per-cent of

control mash group never went beyond their initlsl average starting

l l
tial weights at beginning of experiment.

weight and ended up the 11 weeks of the test period weighing

less than when they started 1t.

group was =32 grams or & loss of =2.24 per cent from the

initial welight.

The uverage loss for this

w

Percentage gain/loss is derived from the "initial weight",
or the weight of the birds the day they started their diets.
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In the second series of controls (whole-grain) the birds
ended up the trial period with a gein of 34 grams or & 2.71
per cent gain.

Group I (grape diet) birds reasched a maxirmum average of
1603 grums on the eighth week of the teat and then ended up
wlth & gailn of 154 grams or 10,77 per cent above the initiel
welght,

The results of group II (rosehip diet) shows that the
maxirum average welght attained was 1414.69 grams during the
elght weeks The final average weight was e gain of 49,4
grams or a 3.71 per cent gain over the initial weight.

Group III (Nightshade diet) birds reached & meximum
averare of 1376.6 grams on the eighth week. The final average
welght reuction was a galn of 61 grams or a 4.71 per cent gain
over the initial welght.

The final test series of group IV (Sumac diet) reached
& maximum of 1458 grams on the seventh week. The final average
weight difference was a gain of 49.5 grams or a 3.62 per ocent
above the average initial weight,

For & graphic representation of the weekly percentage
weight changes, Figure 2 shows the weekly variations in each
of the control and the test diets.

The msterial presented in Pigure 2 illustrates the pro-
gressive average percentage changes in the body weights of the
birds on the various diets, Just as in Table IX the comparative
results may be drewn from the final results at the end of the
eleven weeks of testing. Dunlop (1933) stated that in exper-
imental studies a difference of 10% in body weight does not
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Justigy any clalming of advantage for one ration or the other.
However, in thls experiment, rations were not sentirely differ-
ent for the basal ration was similar (654 of diet) and the

test food (35%) was varied; therefore it may be possible eand
permissable to draw tentative oonclusions from the results

of this experiment as %o the relative comparative value of bhe
various frults tested.

Substantlal galna were made by most of the birds on the
test dlets and &lso on the control-grain diet, but the control~
mash resulted in & net loss of weight. This latter condition
may be partlally explained by the fact that it 1s more difficult
for birds to maihtain.body weight on all-mash rations; birds
do not eat as much mash &8s graln before going to roost and the
former pasases tnrougn the digestive tract more rapidly, leaving
the crop ampty“Qost of the night.l * If this explanation ia
valid 1t may be inflerred that the all-mash Cst diets were
mach better than the all-mash control grains for the test~
fruits all ended up with a gain in weight.

Incroasefd in weight and sige are highly useful measures
of the value of & ration but 1t must be remembered thst they
are obviously inocomplete and in no way show the type of tissue

formed or any record of organ growth.

Food Consumptions The wild pheasant eats whatever available

r -
Payne, L. B, and Je 3. Hughes, The effect of inadequate
rations on the productiem and hatochability of eggs. Techniocal
Bull. 54. Fge 52.

*

Crop examinations at night showed that quite often the
pheasants did not have full orops when going to roost,
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feed best sults him but under the emperimentsal procedure it
was necessary to limit quality snd quantity of food items to
the basal ration plus the test supplement. In the study of
welght resactions it appeared that the variations in average
welghts may have been & result of feed consumption. sach dlet
was made up of a similar basal ration but a different test
supplement, the effect of the differ&nt supplements mxy hsave
been strong enough to csuse the variance in total food con-
sumption and slso in the food - efficlency or the abllity of
the food, per-unit consumed, to produce an equal unit gsin in
body welght,

Kationa: The fruits to be tested, grape, rose-hips, night-
shade, and sumac along with the control rations were fed to
the birds ad-libitum and in & mash form. Tuble X illustrates

the amounts of ingredients used in the different rations.

'TABLE X

AMOUNT OF INGHEDIKNT3 USED IN TH#Z DIFFerHsNT RATIONS.
TO MAKE 50 POUND BATCH#S

GrAP¥ RO3E N1GHT= SUMAC CONTHOL CONTROL
SHADS MA3H GHAIN
I&IA JI&IIA TII&ITIIA IV&IVA v VA
1bs. lbs. lbs., lbs. 1lbs, 1bs.
Yellow corn 19.78 | 19.75 |19.75 19.'75 27.25 27.25
fheat 10.00 | 10,00 |10.00 10,00 20,00 20.00
IMeat sorap 2,50 | 2.50 | 2.50 2450 2,50 2,50
Salt .25 0.25 0.25 028 0.26 0.28
|arape 17.50
.ROSO 17050
¥4ghtahade 17.50
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Cereal grains, meat scrap, greens, and grit composed the
control rations which were presented in both whole and mash
form. The test dlets were also presented in mash form for by
this method of presentation there was no opportunity for the
birds to select grains or fruitas at random and it allows for
the consuming of the test rations in the desired ratio.

rable XI gives the composition, in percentage, of the
control diests and the basal plus the test foods that are to
be evaluated.

TASBLE XI

PERCENTAGE COMPO31TION OF CONTHOL, BASAL, AND
TE3T D1KT

CONT®OL FOOD3 BASAL AND T»3T FOODS
Corn.o.o.o-&.&)’ Gorn.......54.50f
‘ﬂhoat.....A0.00% lmﬁgto.‘-oOQSQOOi
Meat sorap. 5,00% Meat sorap. 5.00%
Greensec... 5.00% Greens, ..., Bnm
Saltooo.ooo 0050% Saltoo..oo. U.boﬂ
**Tost food. o”um
[ -
103,00 103.00

To base a food study on a standard that will allow for a
comparative evaluation, the diet must be one thst will supply
the necesaary nutrients to keep the birds at an energy-equili-
briums; l.e., to prevent any loss from its tissues. In other

words, the baasis for a comparative study may be designated as
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the “standard weight“las the base-line for studying the in-
fluence or variable factors. sStrictly speaking the "standard
welght" may be considered &s a combination of "maintctnnco'2
and "growth“aand at & nutritive level that will promote the
neceasary body functions.

mantities of food ingested will give some indication, on
a comparative basis, of the nutritive value of the food. In
the following ‘wable XII the average amount of food consumed

per/bird for the 11 weeks is tabulsated.

PABLE XII

TOTAL AVERAGE FOOD CONSUMPYION Pur/BIRD FOR THa
Por10D OF 11 wBxKS

DInT AMOUNT CONSUM&D AMOUN'Y GONSUMED
(ounces) (grams)
Contreol grain 139.51 3913.26
Nightshade 139.685 3917.18
Control mash 148.60 3999.93
Grape 160.47 4501.18
Hose-hip 165.79 4650.41
Sumac 180.67 5087.79

1l

"3tandard welght" an arbitrary term to denote a base~line from
whioh to judge welght veariations during the test period,
2

"Maintenance“the minimum smount of the various foods required
to sustuin the essential body processes at an optimum rate with-
out gain or loss in body weight or change in body occmppsition,
exclusive of the food used in growth or expended in work or
other productive functions,
3

Growth" the nutrients required for the process that involves
an inorease in the structural tissues such as muscle and bone
and 4lso in che organs, Fat deposition is not growth., True
growth is characteriged primarily by sn increase in protein,
mineral matter wné water. Prom the nutritional standpuint,
growth involves a large intale of energy-producing foods to

support growth processes.
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Table XIII 1llustrates the comparative differences in
the total amount of foods consumeu over & periocd of 11 weeks
by the average bird on the aix (8) diffsrent diets. There is
& pronounced difference in total food consumed but the explan-
ation of this 1s best discussed after the wcight resctions
have been analyzed.

#hen the totsl focd consumption 1s broxen down to average
weekly consumption, we have a fluctuation that i1s best 1llus-
trated in the following Figure 3 with the accompanying temp-
erature Pigure 3A,

Over the period of 11 weeks, the birds exhibit a decided
variation in the total amount of food consumed. Figure 3
indicates the weekly variations in food consumption of the
average bird when ail diets are thrown together. There is a
decided irregularity in aversge amount consumed during the |
first three weoks of the test anu tnen u gradual flattening
out after the bth. week, but this should not be further ansa-
lyzed for within the six totals that maske up the average
weekly food consumption tuere 1s & great variation., To be of
more significance, esch week's amount of each test @iet must
be evaluated in the comparison of food consumption to welght
resctiond and this will be tuken up in more detail in another
section,

To show the different amounts of food consumed by the
test birds, Table XI1l presents the average weekly food ason-
sumption end Plgure 3 illustrutes the trends of the food
intake.
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The general weekly food consumption falls slipghtly below
tha level thst Dalke (1933) givea, but there are numerous
Influences that cause thils,

As the levels of food consumptlion indicate, the feeding
trial becomes & record of the reuction of the bird to, of the
function of & given ration.

In the type of experimental work made in this test aseries,
in which the basal ration is constant and the individual test
food supplemented, the results obvained are limited and tell
us nothing as to why one diet proved better than another, un-
less the poorer one was s0 lnadequate as a svupce of nutriment
that 1t waa 1ittle consumed or that 1t wes consumed in large
quantities without ylelding the proper nutrients. To make a
determination of the specific nutritive qualities of each of
the fruits would be extremely involved and could not be under-
tuken in this limited study.

The busis for the comparative evaluation of the individual
fruit 1s derived from the premise that a basal ration supple-
mented with the test fruits will yleld an anawer as to the
comparative over-all effect of the frults in the diet but tells
nothing as to why one was better than the other unless the
gross chemical analysis oan asupply this information.

Just as simple body-welght differences do not always tell
the true story of the nutritive value of a food, s0 total food
consumption alone, &lso falls to complete the true evaluation
of a dlet., To utilize the weight resaction and food consumption

data, & composite relationship of food consumption to weight
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reaction may come closer to the actual values of the different
foods. Mood consumption efficiency &3 mesasured by grams of
food required to produce one gram of gain, at the and of the

11 weeks is shown in Teble XIV.

TABLE XIV

FOOD CONSUMPTION WFFICIENCYs GRAM3 OF FOOD REQUIRED
TO PROLUCHE ONy GRAM OF @AIN PR BIRD

-
DIBT(35-68) TOTAL FCOD TOTAL GAIN GRAMS OF FOOD RATING
COLSUKPTION FPHR BIRD AT REQUIRED TO OF FOOD
IN GRAMS/ END OF 11 MAKK ONE OxAM
BIRD JEEKS GAIN
1. Grape 4“90” 154.00 29.541 1
2. Nightshade| 3958.078 61.00 64.902 2
3 HKOse-hip 47006250 49.40 96.144 3
4. 3umaoc 5121.0956 49,50 1035.488 4
S5« Control
grain 20888108 34,00 118.326 5
r6- Control
mash 4042, 700 =32.00 loss B -

As shown in the "rating" column of Table XIV, the relative
values of the different teat fruits are obvious. Diet (1)
grape, showed the best efficiency, requiring 29.541 grums of
food to produce 1 gram of galn. J

%*

Pinal weight gaina were figured from the final llth, week's
triul period. Weekly weights fluctuated, so the figures given
are approximations, all made at the same time.
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jeries (2), nightshade, followed the grape-diet 1n
efficiency and required 64,902 grums of food to make 1 gram
of galn,

Series (3), rose-hip, required 95,144 grams of food to
make 1 gram of weight gsain.

Series (4), sumas, was the least efficlent of the test
foods and required & total of 103.488 grams of food to mske
1 gram gain in live weight,

The control dlets, series (5) and (8), appear to be below
the level of any of the test fooda in efficiency to make
weight geins., 3Series (5), whole grain, required 116,326 grams
of food to make 1 gram of gain, while 3eries (6), mash-grain,
resulted in a loss of 32 grums of weight.

Percentage gain results from the control and test diets
correspond with the efficlency-ratings and help to establish
the comparative nutritive values of the four test fwmuits.

COMPARATIVE FOUD ANALY3I3#~CHKMICAL COMPOSITIOR: The chemical

analysls of a food or of a feed-ration to determine its com-
plete nutritive value as a food 13 necessarily limited, for the
chemical composition of foods does not indicate the avallable
and essential amino acids, mineral elements, vitamins nor does
it show to what extent these nutrients are utilized in the
bird's body. To be accurate ahd to make & complete determina~-
tion of the nutritive value Of a mation, the following data

must be considsred:

ls the total nutrient coutent of the food,

2. the loas or wastage of various nutrients occurring



in dlgestlion.

4. the loss or wastass of nutrlents that occurs in
the rprocess of conversion of sueh into body
tissus constltuents.

711d fruits show & wide diveraity in nutritional character,
some being highly concentrated foods capable of furnishing a
large part of the bird's dlet, widile other foods contain little
mitriment and serve only as minor components of a highly complex
diet, o measure this notential nuitritive difference of the
wild fruits, it appsérs quite sound that comparative-nutritive
values msy be determined by this method of adding the test
supplewents to0 & basie ration. Fruits added to the basal
ration should, over a period of time, permit satlisfzotory
comparison of relstive-nutritive value.

To supplement growth, health, snd fertility results as
derived from a feeding trial, the data derived from a chemlocal
analysis of the food and feeds will serve a&as a partlal indioator
of the ocontalned nutritive value, ftherefore, it will be
appropriate to state the chemical compositlon of the individual
foods and of the somposite ratlions and also to compare the
differencea in chemicsl value of the various experimental
foods plus the céntrol rations. For a comparison, Table XV
will indicate the approximsaie chemiocal compoaition of pheasant
diets derived from the natural feediﬁg habits of the birds

W4
in the wild; taken from Rhode Island and Michlgan  studies.

-+

#Wright, ¥. Pall food of the pheasant and bob-white in
Fashington County, nhode Island.
it

Dulke, P, De. Doctoral Thesis, University of Michigsan.



PABL XV

AFFROXUGATE CHERICAL CURFULLTIUN OF NATUHAL PHmASANT
DIAT3. FALL AND WINTer 3TUDISS.

LOCATION  DIkT rROTEIN #AT CARBOHYD 2T 83
CRUDE FIBmst N.F.XT. A3H MOI3ST

i
i'ell ~ ReL. [natural 12,90 15.78 17.48 | 44,97°61Y 2,09 6.78

Full = Mich} 7 | 15.00 6.68 total carbo-
hydrates 71.50|4.17 11.83

#nter-lich; " 12,00 5.40 " " 68,75/ 5.25 17.62

There 1s & decided difference in the nutritional make-up of tn
the Raode Ialand and the Michigan fall foods but this is to
be expected bacsuse of the diversity of the natural foods
avalluble in each region.
Consldering walke's analysis of the winter food, it 1is
seen that the control and test-diets of the sxperimental
biras are falrly similar in cormposition. One interesting fact
is the nesrly similar quantities of carbohydrates in all of

the natural diets.

chemical camposition of the foods and test raticns: Murther

evaluation of the comparative valusgs of the diffewrent rations
on a chemical basls shows, in ‘rable XVI, the approximate
composite analysis of the food items msking up the basal and
test~fruits,

‘The analysis in Table XVI indicates in & rough msnner the
approximate mutritive level of the various foods.

An interesting fact is the similarity of chemical com=-
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TASLE XVI

THE APPROXiIMA'E CHMEICAL COMPO3ITION OF THi FOOD
TS MALLNG TP [THE COLTruw AKL 'LwsT LisT3w

CAnBORY DN TES
DIst(55-65) PROTEIN FAT  CKUDE FIBER N,FesXT. ASH MOISTUAB

504941 | 3.403 | 12,054
55,087 | 3,536 15.833

61l.11% | 3,410 | 12.135

Grape (1) 124209| 5,508 B.5584
Nightshade (2) 13.924| 6.524 8,761
[nose-=hip (&) 124363 44444 P.041

unac (4) 10,774|8.140| 10.931 57,603 | 2.986 | 10.065

1
|
I
I
l
(
[
l
[

Position of the natural pheasant diet in winter and the grape
diet that rated as the most efficient of the trial fruits,

o present the differences in the cuemical vilues of the
control diets, the tust fruit-diets, and the natural wild-
diets, Pigure 5 and 5A indicates the cumparative amounts of
nutrients in each dlet.

As indicated in Pigure 5 and DA, the various nutrients do
not differ grestly in quentity but it is the quality factor
that must be considered in evaluating nutritive differences.
Most of the nutritional value ¢f a food lies in the proteln
quality end in the minersl andé vitamin portions of the foods,
A3 thls study cdoes not include the blochemical analysis of the
focds, only the gross-nutrient qual;tiea may be evaluated. The

basal grains &re known to be of & fairly high nutritive character

T ;
individual wild fruits anslyzed on an air dry baslis by The
Buresu of Animal Industries. The values for the bassal grains
and greens were taken Irom Jull, "Poultry Husbandry®,
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and thelr various qualitles have =lrsady been worked out by
poultry wand memoualian mutritlonists and tuaerefore will not be
evaluated Iin thlis study. 43 previously observed, the @ifrferent
é¢lets ylelded cifferent results and hence it stends to reason
that there was a4 speclfic nutritive quality that made the
¢lfference, ¥From thls statement, the rest of the work will

be devoted to evaluaning the individual test fruits to see 1if
any clu¢ cun be gotten as to way one frult is of a'groatar

or losser mutritive value than another. As the basie ration
was similar In &ll the tesat fesdings, 1t is assumed that the
nutrients in the basal ration were approximately similar in
quantity and quality but that the supplements (fruits)

resulted in the difference in mutritive value of each dlet,

Chenloal analysia of the individual food items: <The food

consumed by the oirda 1s made up of various cuemical groups
of substances known as mutrients, which by intricate cheamiocal
and physioclogical tranaformations are converted into body
elemants,

Before describlng the character of these vaurious nmutrients,
it may We well to make refwrence to the gross chemical composition
of & mature Galllnscedus bird, the domestic hen. In the
following Table XVII, the average chemiocal composition of the
entire bird's body 1s given.“

The data in ‘febde XVII doss not reveal the amall umount

of carbohydrate which 1s present in the body. Carbohydrates

»
Jull, K. A. Poultry Husbandry.
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TASLE XVI1
Gr03S UHEM1CAL COMPOTBATIUN OF A HBN'3 BODY

SPECias PrOTSIN  PAT  MINERAL MATTsR  WATER

pmmastio hen 21.00 | 19.00 3«20 58,00

oacur as much less than 1 & in the hody «% any given time and
are constantly formed and brokan down,

The chemical elements which muke up the bird's body are
not evenly dlstributed throughout the various organs but are
mors or less localized scoording to their functions. Water
is an essential constituent of every part of the body and
varios greatly in dlstribution. Protelns are present in every
¢ell, snd other than water are the principal constituents of
the orgzns snd soft struotures of the body, such as muscles,
tendons, snd connscetive tiasue.

The fat 1s lccalized in the adipose tissue which ocours
under the sxin, around the integtines, the kidneys, and other
organs 3 well as in amall amounts throughout every eeil“or
the dbody.

The smsll amounts of carbchydrates in the body is found
principally in the liver, the blood, and the muscles. Minerals
are found largely in the skeletsal astructure sas well as through-
cut the body in combinution with other nutrients.

Bafore snalysing the nutrient values of the test fruits,
1t would be anpropriate to sxpluln in more detall the elementury

compesition of the nutrients and their rols in metabolisms



Protelna: thils term is & collective one which
ambraces &n enormous group 6 closely related
but physiclogically diffsrent members. Plant
and animal proteins differ from ecch other as
do the proteins in the various organs, tissues,
and fluids of the body.

Proteins are classifled into three groups,
primarlly on &« physlcal basis-the simple, the
conjugate, sand the derived proteins. The
essantisl differsnce of the various types is
determined by the kinds and smounts of amino=-
sclds prassant.

The bilologlcul Balue of the proteins is
determined by tie mumbar of :mino-acids present,
the larger the number of amino-ucids, the smaller
the intake cf fo0d protein need be.

The difference between orude und digestible
protein 1s in the kxinds and smounts of amino-
aclda present and should be a biological rather
tnan « chemlcal difference, 30 no differentiation
will be made of protein types.

In general, the proteins provide for
tissuse repalr and growth. They cannot be stored
in the body and the supply in &a animal's body
is normally not enough to last 24 hours. It ocan-
not be transformed ond is less digestible than
carbohydrutes,

Fatay The fats ocontain a group of substunces insoluble
in water but asoluble in ether, caloform, &nd
benzene, Thare are two types of fats in the
arnlm.l body, the “constunt element" and the

"variable slement"™, The "variable alemont" 1s
thse fat thnat 1s drswn upon from the fat tlssues
to furnish energy for body processes during
perlods of inadequate food intuke; the "constant
element” remains intsct as a constitusnt of
functioning cells.

Fat servesa not only as a source of energy
in the body but also as an insulating layer to
retalin body heat., Fats have a ocaloric value
twlce thut of carbohydrates or ths proteins and
are the main source of stored energy easily
convartible to sugsrse.

Carbohydrateas This group of nutrients includes the
sugars, starches, csllulose, and gums and are
heat und energy produsera. Csarbohydrates form
the lurgast part of un animal's dlet but ocour
only as a small constitusnt of the animal hody.

The c¢arbohydrates &re determined chamically
as orude fiber and nitrogen~free extract, The
crude fiber conslsts primarily of cellulose and
other sugars which serve as the structural and
protective parta of plunts, The nitrogen-free
extract comprises the sugar, stirches, and a



lurge part of matorial clasaed us hemlcellulose
snd 19 the most easlly digested,

Jrude fider digsesilon differs for the given
gpecies of animul and &lso with the differsnce
in paysical and cherticsl neture of the foode IN
birds, crude fiber 1s poorly dligested but valusble
in supplying bLulk to the dlst. In general, the
carbohydrautes are the main source of sesnsrgy and
heats They are convertible to fat and can be
stored in this form; they ure easily digeated
and help in the metxboliam of other foods,.

Ashy  Asi is bthe reslidue left a«ifter the orgunic
matter 1s burned and is composed of the various
mineral alements, The mineruals serve the body
in meny ways and give rigidlgy and strength to
the akaletul structures as well as being import-
snt in the dlet. Minersls are ingested as con-
stituents of orgunic compounds and as grit.

Waters Water comprises s large protion of the animal's
body and most tissues contain from 70-90% of this
anbstance, Water 1s the 1de:xl dlspersing
medliwm and functions in connection with the
trunaportation of metuholispproducts, with
secretion, snd excretion and many other bodily
proce3lses,

Vituminsy Vitamins are complex organic compounds
consisting of various combinations and propor-
tions of carbon, hyvdrogen, oxygen, nitrogen, amnd
other elements that are dletary essentials.

At the prasent, seven vitamins are known while
others are still being investigated.

Jpecles &iffer murkedly as to the essential
vitamins needsd. No single food contains all
the neceéssary vituminsg, hence a varied diet 1is
required to supply the easential ones. Briefly,
vitaminsg are easential for growth, for appetite,
to build resistance to diaszse, to ald in
nineral agsimilztion, for hezlthy reproduction,
and numerous other physiocloglcal precesses.

Chemical analysls of the test fruitss Wwith the elementary
description of the dAifferent nutrients and their chemical
composition and valuss stated, a more dotalled study will be
mace of the chemical compoaition of the individuual food items

used in the feeding test. Tuble XVIII shows the chemical
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composnition of thedge.

TALLE XVIII

CERAICAL ARALYRIS OF THE INDIVIDUAL FOOD ITEMS
MAKRING UP CONTROL, AKD TE3T DIETS

FOOD  CRUDE DIGHST. PFAT CRUDE N.P.EXT. TOTAL SH MOISTURE
PROTEIN PROTEIN FIBER CARBO.

Gorn | 9430 | --= | 443 | 1.9 70.30 | 72.2 | 1.39 12.90

Wheat | 12.30 | ©.80 | 1.80 Pe40 71.10 73.50| 1.80 10.60

I
Heat l |
sorsap | 5390 ' 50.10 | 9,90 2e Pq 5.00

I

[

|

l

] 7,20 | 21.10 7.10
3alt | 1
Q.30 Qs 90§ 4,70 I
I
(
l
l
I
|

]
!
1

Greens 2,20 5460 0.80 61.10

Grape P.04 784 877 ?O.flﬁl 50406

12.53 21.0“|57.62

70.52 | 4,07 7.90

Night- |
shace 139 94 58,87 4,45 10.41
B.75 | 21.85| 53.42

16.29 27-25}45.

8 ¢
™
©
e

75.27 | 4.08 5.56
70.63 | 2.88 5.33

Rosehiy .48

>
2

Jumsac 4,94

]
1
]

As indicated in Table XVIII the basal'foodn. corn, wheat,
meat scrap, salt &nd greens differ greatly from the chemiocal
composition of the wild fruits. The nutritive vulues of the
combined ceresl grains ss pheassnt feed 1s well known, but when
corn or vwhesat sre consldered us Iindividual feeds, or as com-
bingticns there 1s much to be desired sz & well balsnced ration.l
Corn end wheat when not supplemented by other foods result in

nervousness, returdation of growtn, and impalred reproductive

T :
Analysis of ocers:l grains, meat-scrap, and cabbage from
Jull, M. A, Poultry Buabundry, ‘Peeding Practice™. Pp. 285.
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ability. Fight (1941) steted that references to British
pheasant literature indiecuate that exceasively hipgh corn dlets
ney be fatal to pheassnta, Howaever, &g thls study did net
make & corparative evaluntion of the ceresl greains, only
general comment will be msde a3 to the busal ration or the
control ration other than that plven in Table XVIII.

Corn, when supplemented by other foods, 13 on excellent
winter atuple food for pheasunts, Yellow corn yields upon
snalysia approximately 9,3% protein, 4.3% fat, 1.9% crude-
fiber, and 69.4% nitrogén-free extract. The ash yield is 1.3%
and the moisture content is arproximstely 12.99.

Whest 1s somewhat similar to corn in chemicual composition
but has a protein content of 12.3% of which 9.8% 1s digestible,
the fat content is 1.8%, the carhohydrates yleld 2.4% crude-
fiver, and 71.1% nitrogen-free extrsct. The mineral content
ia epproximately 1.8% and the moisture content is 10,6%.

The nutritive evaluation, by chemical methods, of corn
and wheuat indlicate that they &re pood foods for fattening and
energy production, but poor in supprlying the nutritional needs
for reproduction. (See uppendix, figure 5 and Table I).

Meut sorap, aalt, sand greens are the supplements, und
furnish small amounts of essentisl nutrients to the bird's
dlet. The results of the chemicul ansalysis of the test fruits
sre given agaih in Table XIX in order of thelr comparstive
nutritionul rating.

All results given in Tuble XIX are derived from fruits

p
Dove, W, F. A study of the individuallity in the nutritive

instinct and the canses and effects of variation in the diet,
Ameriocsn Nature. Vol. 69. Pp. 1935,
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TABLE XIX

THE SHMMICAL ARALTSIS OF T8 FRUITS USUD 7O
DuToraINg PHE CQupPAHATLIVE NULKLTIV-. VALUS

PRUIT CRUDE  DIGESTIBLE RAT CARBOHYDRATRES TOTAL A3H uost
PROTHRIN PROTHIY OHUDE NoF.ZXT.CARBO- TURE
FIBAR HYDRATR
T T
i'rost [ |
grape 9.04 7084 8,77 20.46' 50006‘ 70.52| 4,07 7«90
Night- l l
shade 13.94 m——— 10,53 | 21,05] .‘57.62| 58467 4,45 10.4]
l
Japanese | l
rose 9048 8.96 5075 21085| 53042' 75.27 4009 5.5%
Sumac 4,94 4,64 |16.29| 27.25| 43.38! 70.63 2.89 5.3
L |

that were exposad to normal vwinter conditions from December
through Bebruary and then ailr-dried for two weeks at room
tamperature.

(The only method that can be used in the chomical anulysis
of fond 13 the procedure of pulverizing the muteriwl to & fine
mass; tils pulverizlng of the foods may result in the true
determinution of chemicual value of the frult but not the vailue
that tiae bird derives because often tha fruits are not ground
In the gizzard Lo Lhe extent Lo wnich they wure in the chemical

ok
teStS)t

g’

*
Anazlysis on an ulr-~dry busis by the U.3.D.2, Buresu of Animal
Industry.
b
A further discussion of tne "grinding factor” will be made
Iin the genersl dlicusataon.



g
¥

-

Grape , Vitis cordifeolia, runked first in compérative

ratritive value. The cruce protein of pgrape 13 6.04% and the
digestible~protein 13 7.84%., The fat level 1a €,77% while the
carbohydrates vield 20.48% crude-fiber «nd 50.06% nitrogen-
free extract. The determinable mineral content is 4,079, and
the moisture contont 1s 7.80%, as seen in Teble XIX. The
unalysls of the grape comes the closest to beling high In all
the desirshle nutrlents. The grape haa s falrly high carbo-
hyérate content snd ia therefore of value principully for
malntenance purposes. As with the other fruits to be evalusted,
the nutpltional value of the gripe depends lurgely upon the
pheasent's abllity to utilige the frult and secd. Swenk (6)
finda that 80% of the seeds are crushed vhen grape 1s fed as

& single %tem of dlat.

Nightshade, Solunum dulcumara, ranks second in the compa=-
rative value in this study. The crude protein 1s 13.94% (the
digeatible protein not determined), The fat content 1s 12.53%
while the carbohydrates yield 21.05% erude fiber and 37.62%
nitrogen-free extract to to8al a carbohydrate content of 58.67%.
Ash content 1s approximately 4.45% and the moisture content
is 10.41% for the room-dried fruit. Nightshade has a fairly
high proteln content that provides for tissue repailr and
growth and 1t also containg & fat content that 1s desirable
for 1t serves a3 & aource of energy that can be stored and also
i3 euslly convdrted to sugars. Wwhen nightshede 1s fed as &
single food 1tem of diet, Swank (6) finds that approximately
98% of the seeds are utilized (cracked).

Japanese rose, Rosa multiflora, ranked third in comparative
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nutritive velue. The crude protain of the roae seed and berry
13 9.48% snd the Gigeatidbls protein 1s 6,875, Total carbo-
hydrates value 1s approximately 75.27% with 21.85% as crude
fiber snd 53,429 as nitrogen-Ifree extrsct. The ash content

1s 4.09% and the room=~dried moisture content 1s 5.33%, The
apparent nmutritive value of the rose-hips as lndicated by the
chemical ansalysis shows that the digestible protein content

is above the percontage of the other fruitas and as such Indi-
cates that it is a type of food that must be constantly replen-
ished 1f it is to be of winter vulue to a pheasant, The fat
content 1s very low and conseqguently this fruit 1s a poor
source of energy that can be stored in the body for any length
of time. A total cuarbohydrate content of 75,27% with a 21.85%
sontent of cruds fiber and & 53,42% content of nitrogen-free
extract; although high in crude fiber, the nitrogen-free
extract level 1s & desirable one, Birds fed on rosehips alons,
where found by Swank (6) to be able to utilize (crack) appro-
ximately 80% of the samount consumed,

Sumac, Rhus glubra, ranked fourth among the four test

fruits in comparative mutritive value. Of a 4.94% protein
content, 4.64% was digestible protein, A faut content of 16,29%
for the sumac was the highest for all the test fruits. The
total carbohydrate content was 70.63% with 27,.28% as crude
ficsr and 43.36% as nitrogen-free extruct, A very low ash
content ol Z,868% und & moisture content of 5.335%.

In genersl, 3umazc 1a & pocr food in &ll the desired

nutrients. %he protein content 1s very low and &s such it
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sppears doubtful 1f the phessant could derive its required
rroteins from « sumec dlet. The fat content 1s fairly high
as compared to the fat conteonts of the other test foods;
possibly, with such a fat content sumac may be better food
than 1t i3 usually dredited to be. The crude fibar content is
relutively high and thua is not & good food in itself; the
nitrogen-free extract 1s «lso fulrly low and hence is & poor
source of energy snd heut in respect to the bhird's normal
requirement and the general inability of the bird to store
this nmitrient in the body for any langth of time.

Sumac has a very hard ssed and thls factor may influence
the complete food value of the fruit. 9wank (8) states thut
pheasants fed only sumec frults utilized (oracked) approxi-

mutely 80% of what they consumed,
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SUMMARY AND DISCUSAION OF RE3ULTS

3C0PR: In making this studyv, it was recognized that the
possibilities p8 representing actual food valuss by chemisal
analysls of ths individual food items or of the complete diet
w&s insdequate Lo show the true nutritive value 30 a method
was tried whereby & busic grain ration (65%) was used and the
various wild fruits to be evaluated waere then added &s a supp~-
lement (35%). It was expected that the uddition of the supple-
ment (frults) to a common bassl{grain) ration would permit &
satisfactory comparison of comparatlive mutritive value or
differences.

¥1ld fruits are exceedingly diveras in nutritive churucter,
some being concentruted foods and able to supply & large
portédn of the phessunt's requirements whereas other foods
contain little nutritiment and normally serve &s minor but
essential components of highly complex diets. Leopold (1937)
made a statement thut sdequately summarizes tha problem of
fcod; M"experience tells us ltttle or nothing sahout why certsain
foods are eauten or rejected, or what role the various food
playas in sustensance or reproduction of the species. Even the
most scientific food hubits reseurch tells us what has been

1
eaten, but never how much &nd never for what reason”. This

quotation expresses the viewpolint of & number of perasons inter-
ested in animul nutritions, In this limited ascudy, an sttempt

wus muce to determine the comparative nutritive values of four

1 /
Leopold, Aldo. Control of food and water, Gsme Management.
Pp. 2550 .
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wild frults that serve as phewsuant food during late fall and
winter montas == but 3till nothing definite can »e sald about
"why such foods sare taken®™., Included 1in the apraendix (figure
5 and Table I) is a preliminary summary of the effect of wild
fruits upon the potaentlal breeding capucity of the birds fed

a 65% supplemsnt of this frult for elevan weexs. The standard
of comparimon was to check agalnat grain fed birds and a study
of testis development was made.

MREHODS: The experimental feoding was plunned to duplicate
winter condlitions as c¢losgely us possible; foods avallable
during all or part of the winter were used, for it wus felt
that these foods, w«vailable at u time when food conditions
are at their worst, would beat be evaluated flrat. During
January, Februsry, and March, the bhirds are undergoing phy-
siologlcal changes preparatory to the increased demands that
will be made upon the body for reproductive purposes, It 1is
not entirely with thls reproductive phuase but also with the
generual rigors of winter maintonsnce that the birds must cope
wlth - these two fuctors, of winter maintenance und phyaslolo-
glcal change make the above mentiomdd montha the 1deal time
to mske such a fcod teat.

To actually determine the complete nutritional value of &
focd would involve compllcated blologicsal and chemical assays
taat could not e =j$gempted here. However, 1t 1s felt that the
method described in this report may be an «id toward indicating
the potential nutritive values of frults. The complexity of
the problem or practically s&ny other préblem that reguires the

uge of living orgunisms 13 stated in the following words:
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"the dAifficulty of working with blological entitlea with all
the multirle facts Involved ars exceadngly grest. The
solution of problems comes 3lowly and thevy have to be apvroached
from & vievpoint dififerent from that of the mechsnistic phy-
slologist. It 1s true that conclusions drawn from the
observation of organisms in thelr natural hubltet are cften
shown to be incorrect or only psartiazlly correct when subjected
to experimental tests. The reverse 1s equally true“.l

Just as stated by Jhelford (1934), the results derived
from this erperimental study must be condidered and referred
to as "experimental results™; how closely the findings can
be applied in nature 4is still questlionable use, but st least
¥hey sre more than & guess.

The actual experimentul method used in this study weas a
combination of aeversl -~ derived largely from poultry studies
and from the few food studies mude with pheasants, The exper-
iment was ocurried ocut as a groupfeeding astudy, two dupliocate
pens of four birds esch were wsed on esch of the control and
test diets. Birds to be used were chosen some time previous
to the commencement of the experiment proper. All birds re-
celved the sume trestment and wére fed the same ration for
& period of three weeks which was considered the "initiation
period®.Puring this periocd the birds were shifted about to
meke similar groups welght, teampsrament, ete, Muale birds were

used for it is generally consicdered thst male birds utilise

f .
Shelford, V. E. Falth in the results of controlled lab-
oratory aexpsriments. Eecological Momograph. Vol, 4(4)s 49.
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thaeir food batter., To reduce the number of nossible varia-
bles to a minimm, all experimental conditions that could
possibly Influence the reaults were controlled as much a3
possible; sll birds were subjactad in an equal degres to all
experimental snd environmantal conditions except the one of
food being studied,

The birds were feod "ad=-libitm" for it was faelt that this
type of freding more clossly apnroximited natural fesding
conditions than did s restristed dist and &aiso, in a group
feeding study thers 1s no way to control the food intake of
the individual,

Diets for ths control and test birds ware derived from
& study of the wild phasusant's food (Dalke (1933), Wright
(1841), skoglund (1%40), 3evern (1933), 3Jwenk (1930), and
Friad (1940)); a hasal grain ration was devedpped that was
considered at a percentage lavel that would not mssk the
cubulative nutritional effect of fruits when added to the
busal Zraulns &as = test supplement,

REJULT3s After u period of elaven (1l1) weeks of feeding
the test dlets, the axperiment was terminated snd the final
results were dsrived from the following mewusurementss

le Total avaerage weight incraase or decresse of
groups.

2« fnount of food corsumed to prcdude & unit gain
in wéight.

3¢ Chemicul evualuxtion of completa diets and of
individuel test frults,

In the results derived from such u group-feeding procedure,
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the greutest experimental error lies in the "gverage" for

be deviations thuat are great, Fowever, in this study it was
found that averwge deviations were not extreme and therefore
the results of the "average" may bear some relisbility for in-
terpretation of results. Just as in gross chemicul snulysis,
the galn in welght of & bird or the total amount of food per
bird 4s not &n entirely true measure of the nutritive vilue of
the food or foods. Unegqual guins induced by the consumption
of the different test diets in ecval smounts does not mean
that these posseas unequal value in any or all respects..

"for within certu«in limits &n animal may inoreuse or decresse
a function by varving the guantity of focod consumed or may
particlly submerge the uualitative deficlencies of the food
by quantitative Vuriationa”.l As indiouted, no one messure
of nutritive evaluation is valid in itself or even in com~-
bination. However, by the use of sxll three measurements, at
least un empirifcal meusurement of the comparative mutritive
value of the four fruits under test may be mide,

Another precaution that should be considered in the evalua-
tion 1s the degres of digestidility of the vurious foods. The
control diet contained feed stuffs that are fairly eusily
aigested in their normal state whereas the test fruits were
made up of fruits thaet in their normal stute might be of very
questionsWle digestibility. Hsrd seeds are not easily digesti-

ble by phesasants and often would not be ground up in a pheasant

o

1L
Dove, W, F. Individusality in Butrition. American Naturalist.
Vol. 693 469,
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glzzard but oxrelled in the feces. By cracking or grinding
these zeedz, a2 wus Cone in uall the exparimentel feedings,
the digestibllity msy have heaen incre&sed\boyond &1l normal
nropokibons for the tyns of frults ussd, Therefore the
nac<irmm velues of the foods should have been determined.
sumae, rose, &nd grape all have hsrd seed coats and in
nornal feeding theise coads are ingeated &s solids and only
partisnlly ground to ascure the innar kernels of rich food;
nightsh~de has & mch softer seed anat than elther of the
other seeds and from fecsal examinations of wild birds it
appoaars tihat this seed 13 falrly well brf@en up during digest-
fone The degrea of Algestibility of varlious huard-sseded
fruilta 1s alinost asntirely unimown but 13 greatly influsnced
by the genaral foods Ingested by the bird. On restrioted
dlets, 1t anneara that there 13 a higher level of digeatibility
than 13 normoelly thought. Peeding atudlies made in 1940 by
the writer found that pheasants when subjected to a dlet
entirely of a single food dbgestad that food to a greater
extent than they did whan the food in question was fed with
& supplement.1 ®19ld studiss of droppinga that contained
@rape and sumao indlcated that & certain amount of the fruit
jeads were cracked but what proportion to the amount eaten 1is

qpiestionable, PMurther studies should be made on the degree

1

Barske, P, Comparative nutritive values of wild frults
fed singly. Unpublished report. University of Connecticut.,
1940,
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of difestibility of sceda under varying conditions.

Wwith &ll the weauknesses of the experiment, the results
appesr to indicuate aome differmncss in food value of the
various frults and it was found tiwt the scsle of conparative
mtritive value was =3 foliows with corn as the level of

mMeusuramant,

TABLZE

COMPARATIVE NUTRITIVE VALNE OF THR ThsT FRUITS

FRUIT RATING

Grape
Rishtahade
Rosehip
Sumao

Control grain

[ B N . - I

Control mash

These ratings were derived on the baasis of total average galm

snd the amount of food required of each diet to make one gram

1
A preliminary report by 3wank (6) on the abllity of pheasants

to utilize (crack) frult seeds shows the following for birds

fed single food itams: nightshade 984, sumac 88%, rose 80%,

and grape 80%.

A continuation of Swank's study indicates that the above
mentioned frulta, when fed with corn or mash show different
degrees of belng utiliged.(cracked). Fruits fed in conjunction
with mash, were utilized (orucked) to a greater extent than
wug frult fed In conjunction with corn,.
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galn in body weipht for the pericd of eleven (1l1) weeks.
(Reference to the aprendix shcows the intercsting results
dorived from a testes study of birds fed a high percentage
of fruits In their dleft.) In the sbove table XX, fmit diets
surp&ss both of the control grein dlets =nd as such may indicate
not only the comparative nutritlionsl dlffsrences of the fruits
wut also of the value of frults In the winter diet of pheasants,

A final compaplison of shemfical analysis of the control
and test dlets Indicates a fairly close similarity in pross
onemical nuitrient composition. The individual analysis of hhe
test frults indicates the varlabllity in chemical composttion
and &3 sueh 1s another clue to the samparative nutritive value
of the atudlod frults, The similarisy in gross chemiocal
canpositicn does not necessarily mean similarity in nutritive
Value for natrlents may be termed fats, proteins, and carbo-
hydrates, but auach one of these may be slightly different in
chemicul composition and hence have entirely diffsrent food
values, &ls90 the nutrients of one food may not We valuable
&lone but Iin &3zocistion with another nutrimeht of a Adifferent
food, muy result in wn excellent ration,

How closely the results of the comparative nutritional
veélues of the fruits may be translated to conditions in the
%11d is problematicel for undsr natural wild conditions, the
entire metabolic rate of the bird 1s much higher, 1In csptivity
there 1s & definlte slowing up or lowering of the metabolie

rates Odum (1€ ) stutes that "§n genersl, these data indicute

+

Odum, E,P. Varlations in the heartrute of birdss A study
in physiological scology. Beological Monograph. Vol. 3(3)s 318.
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that domestic birds are physiologlcally inferior to comparable
wild speciesa®,
The food of wild birds differs from the food of peh raised
birds but possibfly by a method of experimentzl testing, the
relative mitritive valuea of foods esten by wild birds may be

evaluated beyond the "guess™ stagze.
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CONCLUSIORNS

Peoding triuls are necessury to determine the true matri-
tional value of any partioulsr food or diet.
The experimental evaluation of wild fruits by using a
basal grain ration (65%) appears to be a progressive step
toward a more accurate method of oomparative mutritional
evaluation of foods,
Bvaluated on & comparative basis, using cereal grains as
& tontrol, the wild fruits were rated on a compsrative
nutritional basis as followss (1) grape, (2) nightshade,

(3) rosehip, (4) sumsc,

As experimentally determined, the phesasants that were fed

a pereentsage (35%) of wild fruits in their diets, appeuared
to be in the best physiesal condition.
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fwh. H. In charge of experimental laboratory in Avian
Physiology, Cornell University. Letters of Nov. 9 and
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Schroeder, C. Hs Director of Poultry Research, Larro
Researeh Farms, Detroit, Michigan. Letters Nov. 22, 30,
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of Delaware. ILetters Nov. 1, 22, 1940,
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Poultry Mutrition Iavestigations. U,3.,DeA. Letters

Octe 26, 1940 «nd May 20, 1941,

Swank, Wendell, MNM.3,. ﬂhnais problem, University of
Michigan. Letter May 3, 1942, and personal interviews,
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HISTILCOGIZAL THRWES LIAVILO W INT UF T0 WARCH 4, 1941
QF THR PHEASANTS ON THR 7R3T DIATS

DIET - GRALN 205 {HOL
Fleseesssonormal germinal epitheiium & width of lumen

of tie tubs, FPree sperm within lumen. Numbers
pregent In 4ll sertoll cella. All stages of

maturation presant,
F2veevssseiplthelinum slmost £11ling tube; large number

of asperm emheddad in 4istal tips o sertoll
sella. 3mall clusters of sperm in lumen of

tube,

FBesvecsseedamo &8 #2. Very little lumen.
DIET - WA3T CONTROL

#4e00eeees Bplthalium £111s from 2/3 to 3/4 of tubule,

All stages of spermatogenisis present. Large
number of sperm 1n sertcli. Some free sperm
L4

in centor of tubulae.
#OueseesasoNOo lumen to tubules; otherwvise same as #4,
#6ei0e0es.3ame aa #5,
DIET - 3UMAC (65335)

FlessevsseBpithelium £111s 2/3 to 3/4 of tubule; other-
wlass same as #6. .

#8........38@.6 &3 #70
DIZET - NIGUT3IHADE (35485)

#9eeeseseodsme as #6, epithelium occupies from 1/2 to

3/4 of lumen; largs mumber of free sperm in

centoer of tubules,
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TABLE I (econtinued)

#0ses.iee3ame a3 #9; no lumen in tubules; lurge number
of aperm In aonter of tubule,
#lloeessoaSame an 7110,
DINT - ROSEHIP (685:35)
#l2.4.000.%ame an #11,
#1B.. ... 8ame as a0,
#ld..0.000%ame ag #13,
DIZT - GRAPE (65:%354
#lB4esevrelame as #14,

#16400sseemue as #15; lergs number of sperm.

Slides interpreted by Psul Relph, Department of Zoology,
University of Mlichigun, 10842,
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