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ABSTRACT

DIETARY CALCIUM AND AVAILABLE PHOSPHORUS REQUIREMENTS OF
GROWING AND ADULT RING-NECKED PHEASANTS
BY

Richard Douglas Reynnells

Factorial-design experiments were conducted to better
define the dietary calcium and available phosphorus levels
and ratios for the growing and adult pheasant (Phanianus
colchicus).

Growing pheasant's dietary calcium levels were: 0.6;
1.2, and 1.8 percent; the available phosphorus levels were:
0.2, 0.4, and 0.6 percent; giving nine treatment combinations.
The adult dietary calcium levels were: 1.5, 2.1, 2.7, and
3.3 percent; the available phosphorus levels were: 0.3, 0.4,
0.5, and 0.6 percent; resulting in sixteen dietary treatment
combinations. The birds were confined in batteries (growing),
individual cages (adults) or on the floor (all ages).

Standard hatching, brooding, growing,and laying house
practices were employed. Caged layers were artificially
inseminated with approximately 0.025 ml of pooled semen
(100 x 106 spermatozoa) .

For the growing pheasants, the treatment combinations
with 0.2 percent available phosphorus were anorectic, rachitic,

and lethal. Changes in chick body weights paralleled their
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feed intake. Feed intake of chicks was depressed with 0.4
percent dietary phosphorus and a Ca:P ratio or 3:1 or greater.
Maximum tibia mineralization occurred with dietary calcium:
available phosphorus ratios of 2:1, 3:1, or 1.5:1 in that
order; with adult levels of tibia mineralization being reached
between four and eight-weeks of age. The tibia calcium and
phosphorus concentrations were not readily changed by the
treatment combinations. The lowest mortality of chicks over
all levels of calcium was for those consuming the 0.6 percent
available phosphorus diets.

No deficiency or excess of available phosphorus was
indicated by measurements of adult egg and tibia parameters.
However, 1.5 percent dietary calcium was not adequate as in-
dicated by lowered tibia dry fat-free bone and ash, lowered
eggshell thickness and eggshell weight as a percentage of total
egg weight, and the decline in plasma calcium with higher
plasma phosphorus. Only replicate effects were noted for feed
consumption and the overall change in body weight of the hens.
Mortality of adults fed any treatment was insignificant; while
mortality of chicks from the hens consuming these feed treat-
ments was significantly greater (P < 0.05) for chicks from hens
fed the 3.3 percent calcium treatment combinations.

Conclusions were that adult hens housed in cages or on
the floor required at least 2.1 but not greater than 2.7 per-
cent dietary calcium; 0.4 percent available phosphorus was

adequate. A Ca:P ratio effect was not apparent. For the
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growing birds, the optimum response, as measured by all para-
meters, was to the treatment combination of 1.2 percent Ca:0.6
percent available phosphorus. Treatment combinations of 1.8

Ca:0.6 P and 0.6 Ca:0.4 ) also produced favorable results.
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INTRODUCTION

Because of an expanding population and a decline in the
number of acres around metropolitan centers which are suitable
for pheasant hunting, several states and individual gun clubs
have sponsored programs to provide an opportunity for city/
suburban dwellers to hunt pheasants. 1In the state of Michigan
this is the Put-and-Take Program, which was started in 1972.
During the 1978 season, about 100,000 adult pheasants (Phasi-

anus colchicus) were released in selected areas for Michigan

hunters who had purchased special licenses. An undetermined
number of pheasants are reared annually in Michigan for private
or commercial gun club release. The game bird industry in
Michigan and the U.S.A. is a repidly growing economic enter-
prise which has need of specific information regarding the
nutrient requirements of game birds. Due to a need for in-
creased economic efficiency, it is no longer adequate to assume
that pheasant has requirements that are ''close enough'" to the
chicken or turkey so that their rations may be freely sub-
stituted for pheasants.

Earlier investigators have noted that excessive levels of
calcium in the rations of laying hen pheasants seem to result
in depressed egg production (Hinkson et al., 1970; Flegal et
al., 1973; Flegal, 1978). The National Research Council (1977)

(N.R.C.) guidelines in the Nutrient Requirements of Poultry do



not include phosphorus or calcium requirements for pheasants,
with the exception of the starter/growers.

The objective of this work was to add information to the
existing knowledge about the calcium and phosphorus require-
ments of adult pheasants so that acceptable dietary amounts
and ratios of these minerals may be provided. 1In addition, an
attempt was made to determine if growing pheasants could be
maintained on dietary calcium and phosphorus concentrations
somewhat less than the National Research Council recommendations.

Various parameters which may be affected by different
amounts of dietary calcium and/or phosphorus were evaluated in
adult and growing pheasants. These included: tibia percentage
dry fat-free bone (dffb); dffb percentage ash; ash percentage
calcium; and ash percentage phosphorus. Mortality, feed con-
sumption and body weight values were also recorded. Hen-day
percent egg production, egg apparent fertility and hatchability
were also measured as well as the eggshell thickness and the
eggshell weight as a percentage of the total egg weight. Adult

blood plasma calcium and phosphorus levels:were determined.



LITERATURE REVIEW

Hinkson et al. (1970) and Anderson and Stewart (1973)
gave Leopold (1931) credit for initiating scientific research
on the calcium requirements of pheasants. Leopold suggested
that '""the distribution of pheasants in the United States may
be associated with soils of recent glaciation'. Dale and
DeWitt, in a paper about the vegetative sources of protein
(see Hinkson, 1971), suggested 'that calcium deficiency may
be more serious to the pheasant'. Leopold (1933) (see Vance,
1971), and McCann (1939) proposed that grit was a major source
of minerals for pheasants and other gallinaceous birds. Jones
(1968) (see Vance, 1971) calculated 'that as much as 99 percent
of a pheasant's dietary Ca might come from calcitic grit'.

The work of Leopold (1931) apparently stimulated a number
of other investigations about the grit (calcium/mineral)
requirements of pheasants (Skoglund, 1940; Dale, 1954; Harper,
1963; Harper, 1964; Harper and Labisky, 1964; Korschgan et al.,
1965; Kopishke and Nelson, 1966; and Anderson and Stewart,
1973).

Skoglund (1940) may have been the first to define specific
calcium and phosphorus requirements for young pheasants (see
Hinkson et al., 1971). Callenback et al. (1933) and Norris
et al. (1936) were among the first to establish protein re-
quirements for growing Ring-necked pheasant chicks. Sunde
and Bird (1956)reported very little data was available about

the phosphorus requirements of the young pheasant, that being



Skoglund's work in which he only had two references. Wilcox
et al. (1953) did calcium and phosphorus work with turkey
poults and included an extensive literature review. Scott
et al. (1958a) produced a series of experiments on the nutri-
tion of pheasants which was based on work done by Scott and
Reynolds (1949).

Primarily during the early nineteen-seventies, the pheas-
ant was used to determine the effect of various hazardous
chemicals on wild populations of these game birds (Scott et
al., 1954; Gill et al., 1970; Janda and Bosseova, 1970;
Dahlgren and Linder, 1970; Dahlgren et al., 1972a; Dahlgren
et al., 1972b; Huckabee et al., 1972; Dahlgren and Linder,
1974; Messick et al., 1974).

An insufficient amount of work has been conducted to
warrant the establishment of calcium and phosphorus guidelines
by the N.R.C. for pheasant breeders (see Appendix Al). The
N.R.C. values are generally considered as the acceptable ones,
especially in cases of conflicting evidence (Waibel et al.,
1961).

Flegal (1978), based on the work of Flegal et al. (1973),
stated that some of his breeder pheasant hens prematurely
ceased production of eggs when fed a ration containing cal-
cium at 3.3, and phosphorus at 0.8 percent of the ration.
Calcium and/or phosphorus was suspected to be out of the
physiological range for these breeder pheasants. For the
data available in 1973, and in the 1977 publication, the

N.R.C. has not established recommendations of mineral require-



ments for breeder hens.

Calcium and Phosphorus Requirements

Andrews et al. (1972) concluded that a large portion of
the total organic phosphorus was available for utilization by
turkey poults. Their best treatment was a degerminated corn
meal basal diet that contained 0.59 percent total P or 0.32
percent available P.

Nelson et al. (1960) (see Waible et al., 1961) recently
reported that after eight weeks of age, calcium and phosphorus
levels of 0.5-0.6 percent of the diet each resulted in good
turkeys. Waible et al. (1961) stated that excellent turkeys
were produced both on range and in confinement, with reduced
calcium and phosphorus levels during the growing period.
Between 8-14, 14-20, and 20-24 weeks-of-age, the calcium levels
were 1.24 percent of the ration (from 1.63 percent), 0.89 per-
cent (from 1.36), and 0.62 percent (from 1.13), and the total
phosphorus levels were 0.75 percent (from 0.84), 0.58 percent
(from 0.72), and 0.48 percent (from 0.58), respectively.

Balloun and Miller (1964) reported on the calcium require-
ments of turkey breeder hens but made no recommendations.

They found that 2.0 percent dietary calcium was best as meas-
ured by egg hatchability but later in the laying season 2.5
percent dietary calcium resulted in the best hatchability.
Hatchability was depressed by both the 1.5 and 3.0 percent
dietary calcium levels, with the latter being more severe.

In broiler experiments by Lillie et al. (1964), the chicks



fed rations with 0.5 percent total phosphorus and 0.9, 1.0,
1.1, and 1.2 percent calcium, developed rickets by about

3 1/2 weeks into the experiment. The rickets were more
pronounced with the higher calcium levels. These authors
referenced several papers to support their findings that the
dietary energy level had no effect on the calcium and/or
phosphorus requirements for growth and feed efficiency of
broilers.

Wozniak et al. (1977) used phosphoric acid (assumed to
be 1007 available) as the reference standard to study the
bio-availability of feed phosphates to broiler chicks which
were fed a practical diet. These authors confirmed that the
chick tibia bone ash assay was a sensitive and reproducible
method to determine phosphorus bio-availability from inorganic
feed phosphate. They did not make specific recommendations,
but the highest ash was from chicks fed diets with 0.73 per-
cent total phosphorus. Calcium was supplied at 1.0 percent of
all diets. Dicalcium phosphate produced significantly higher
bone ash (42.2 percent) than defluorinated rock phosphate
(39.0 percent).

Christmas and Harms (1978), when using three-week old
cockerels, reported a strain difference in the phosphorus
requirement and stated that these differences should be con-
sidered when making recommendations regarding dietary phos-
phorus levels.

Watts and Davis (1960) concluded that 0.75-1.2 percent

dietary calcium levels for broilers produced satisfactory



growth when the total phosphorus was 0.7 percent (0.45 percent
inorganic) of the diet. In their study, soft phosphate,
dicalcium phosphate, or a mixture of the two were equally
effective as a source of phosphorus.

Waldroup et al. (1963) concluded that broiler require-
ments for either calcium or phosphorus cannot be stated with-
out specifying the level of the other element.

Biely and March (1967) found that calcium could be reduced
to 0.75 percent without decreasing broiler growth rate if
vitamin D was adequate (600 ICU/Kg diet). Dietary phosphorus
levels used were variable. They found no advantage to feeding
less than 1.0 percent calcium and that calcium up to 1.3 per-
cent was well tolerated with no indication of growth inhibition
or decreased feed efficiency. Tibia calcification decreased
with 0.75 or 0.85 percent of the diet as calcium, but was
increased at these levels if vitamin D3 was increased to 600
ICU/Kg diet. Increasing dietary protein and fat reduced tibia
calcification.

Atkinson et al. (1967) reported that for breeder turkeys,
dietary calcium levels of 1.24-3.95 percent 'did not appear
to have any particular effect on feed consumption, feed
efficiency, body weight loss, mortality, fertility, egg weight
or the percentage of broken and soft-shelled eggs'. Dietary
inorganic (available) phosphorus was 0.64 or 0.78 percent.
There was a trend for decreased hatchability with dietary
calcium at 3.95 percent. The Broad Breasted Bronze (BBB) hens

in cages required at least 1.90, and the Broad Breasted White



(BBW) hens required at least 2.66 percent dietary calcium.
Floor-housed BBB hens required a minimum of 1.67 percent
dietary calcium. Criteria used for evaluation were egg
production, egg fertility, and hatchability. Maximum response
was with about 3.0+7 dietary calcium.

Balloun and Miller (1964) reported on the calcium require-
ments of turkey breeder hens but made no recommendations. They
found that 2.0 percent dietary calcium was best as measured
by egg hatchability but later in the laying season 2.5 percent
dietary calcium resulted in the best hatchability. Hatch-
ability was depressed by both the 1.5 and 3.0 percent calcium
levels, with the latter being more severe.

Anderson (1967) looked at the effect of chicken pre-lay
dietary mineral concentrations on subsequent laying hen
performance. He concluded the growing (10-22 week-old) chicken
has a changing requirement for dietary Ca and/or Ca:P ratio.
These needs were inversely related to the stage of sexual
maturity, and directly related to a decreased rate of growth.
The 10-14 week-old chicks needed about 0.8%, and the 14-15
week-0ld chicken needed about 0.67 dietary calcium. He used
chick starter with 1.17 percent calcium and 0.5 percent avail-
able phosphorus to ten weeks of age. Then the various levels
of calcium (0.6, 0.8, 1.0, 1.5, 2.0, and 2.5 percent) with
available P at 0.5 percent of the diet were fed to 22 weeks
of age. In one experiment with caged hens, he found no signif-
icant difference in reproductive performance from feeding pre-

laying diets of calcium levels from 0.6-2.6 percent. But in



another experiment he reported a positive reproductive
response to increasing pre-lay dietary calcium up to 2.6
percent for caged hens on wire and litter boxes within the
cage. He concluded that the reproductive responses of these
adult females was influenced not only by the level of pre-
laying dietary Ca and/or Ca:P ratio and the type environment,
but were also in part dependent on the rate at which growth
and endocrine development are proceeding during the pre-laying
adaptation period.

In 1937, Titus et al. reported that 4.05 or 5.40 percent
dietary calcium adversely affected the hatchability of chicken
eggs, and the effect was greater with 0.9 vs. 1.2 percent
dietary phosphorus. However, in 1963, Titus et al. (see
Atkinson et al., 1967) reported the best reproductive perfor-
mance of laying chickens was obtained when the diet contained
6.0 percent calcium. They reported that the phosphorus level
for the laying chicken appeared to be relatively unimportant
as long as it was not too low, with the optimum phosphorus
level being approximately 0.75 percent.

Sanford and Alder (1969) implied that the best Ca:P ratio
was 3.0:0.7 (in percents), as measured by production parameters
of the laying chickens. However, the best specific gravity of
eggs was with the 3.0:0.6 (in percents) dietary Ca:P ratio.

Scott et al. (1958a) found the minimum dietary calcium
level appeared to lie between 0.93 and 1.33 percent for five-
week-0ld pheasant chicks. There was no (growth) inhibitory
effect when 1.6 percent dietary Ca was fed for this time period.

They concluded that apparently the calcium requirement of
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growing pheasants is not critical and can be met with safety
by dietary calcium level within the range of 1.3 to 1.6 per-
cent.

Sturkie (1965) discussed the results of a dietary calcium
deficiency for chicken layer-breeders. He stated the final
cessation of egg production was due to an inhibition of
pituitary gonadotropin secretion. He also stated that there
apparently is no relationship between plasma inorganic
phosphate and shell production even though several workers
have found that levels of plasma inorganic phosphate increased
during shell production.

Owings et al. (1977) stated that their results indicated
relatively low dietary phosphorus levels can fulfill the
chicken laying hen's requirement for egg production provided
that about 0.19% or more available phosphorus is present in
the ration. To maintain livability, the available phosphorus
requirement was thought to be at least 0.28 percent. Part of
the available phosphorus should be inorganic in origin. Avail-
able phosphorus levels of 0.19, 0.28, or 0.37 percent of the
diet supported a high level of egg production during the 140
days of their experiment.

Harms et al. (1965) reported that although high dietary
phosphorus (above 0.44 percent Av. P) will depress perfor-
mance of caged chicken hens, they tolerated high dietary
phosphorus better than floor hens. They postulated that the
difference is due to a higher phosphorus requirement of caged
hens. They used inorganic phosphorus levels of 0.44-1.44

percent of the diet.
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Harms and Waldroup (1971) found that levels of calcium
up to 5 percent of the diet did not prove to be significantly
deleterious to S.C.W.L. laying hens as measured by egg produc-
tion, weight, or shell thickness, or feed consumption, over a
four month period. Dietary phosphorus was 0.80 percent. These
hens would even tolerate 10 percent dietary calcium for up
to 28 days before the production parameters were affected.

Scott et al. (1658a, b) used growth and calcification
of the tibia as criteria for determining the phosphorus
requirements for pheasants and Bobwhite quail. Scott et al.
(1958b) reported the total phosphorus requirements for the
Bobwhite quail to be 0.6 percent for the starting period
(0-6 weeks) and no higher than 0.48 percent for the growth
period (6-12 weeks of age).

Skoglund (1940) (see Scott and Reynolds, 1949) showed
the incidence of perosis was increased markedly when the level
of dietary calcium for pheasant chicks was greater than two
percent. In one study, 0.87 percent dietary calcium and 0.78
percent dietary phosphorus produced the best results. Skoglund
concluded that the best pheasant starter ration calcium and
total phosphorus levels were 1.5 and 1.0 percent of the diet,
respectively. The former values are slightly higher than
the requirements for young chickens (see the NRC pamphlet,
or Scott and Reynolds, 1949).

Scott and Reynolds (1949) concluded that except for the
protein requirements, which resemble those for the turkey

poult, their studies indicated that the nutrition of the
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pheasant resembles that of the domestic chicken more than
it does that of the turkey poult.

McCann in 1939 stated that adult pheasants seem better
able to maintain themselves on grit deficient in calcium
than young birds, this is undoubtedly due to their greater
reserve of, and smaller demand for calcium. Another point
of interest is that experimental birds were found able to
select between types of grit, preferring glacial gravel.

This latter statement was confirmed by Sadler in 1961, Harper
in 1963, and Harper and Labisky in 1964,

Sunde and Bird (1956) implied that a lesser amount of
total phosphorus was required for two-week-old vs. four-week-
old pheasants (0.86 and 0.96 percent, respectively). They
reported the chicks with 0.667% total (about 0.27% available)
dietary phosphorus developed leg weaknesses after about one
week. Optimal performance was achieved with 0.57% dietary
available phosphorus (0.967% total phosphorus). Up to 1.46
total dietary phosphorus did not result in decreased growth
or an increase in the evidence of leg disorders. The calcu-
lated calcium content for all rations was 1.51 percent.

Sunde and Bird stated that apparantly the phosphorus require-
ment of the pheasant chick is high. For this reason, they
believed the pheasant chick to be an experimental animal for
determining the bio-availability of phosphorus in various
types of feedstuffs. Soares et al. (1978) in their literature
review stated that some reports have indicated that the chick

and turkey poult can utilize various phosphorus (particularly
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organic) sources more efficiently with age. Soares et al.
(1978) used monobasic sodium phosphates as the reference
standard (assumed to be 100% available) for their defluori-
nated phosphate experiments. They used a dietary Ca:P ratio
of 1.25:1 for all their broiler chick experiments.

Labisky and Jackson (1969) measured egg production and
egg weights of individual pheasant hens over three years and
found that egg production and egg total mass was better for
the two-year-old hens, than either the yearling or third
year hens.

Dale and DeWitt (1958) (see Greeley, 1962) reported that
approximately 1.2 percent of the diet as calcium was sufficient
for production of eggs and offspring by penned pheasants if
they had not been subjected to a deficiency of calcium or
phosphorus during the previous winter.

The re-nesting phenomenon of pheasants was studied by
Chambers et al. (1966). They found breeder hens fed a
calcium-deficient diet did not produce a second clutch of
sufficient size to adequately maintain the population of
an area.

In Appendix A, Table 1, are listed the dietary calcium
and phosphorus requirements of chickens, turkeys, and pheas-

ants according to the National Research Council.



METHODS AND MATERIALS

Experiments were conducted with adult and growing Ring-
necked pheasants in an attempt to determine their dietary
calcium and phosphorus requirements, as they related to the
levels and ratios of these minerals. The specific experi-
mental designs and other information will be discussed for
each experiment separately, after any general comments.

The Michigan State University diagnostic clinic performed

all necropsies of pheasants to determine their health status.

PHEASANT BREEDERS

Two different management systems were evaluated (floor
vs. caged breeder pheasants) for their effect on these dietary
mineral requirements, in addition to the 16 dietary treatments
which were of primary concern. The numerical designations of
all treatment combinations are defined in Appendix B, Table 1.
Due to lack of space, the two experiments of the floor-housed
laying hens were done in consecutive years (May-August, 1977;
and February-May, 1978), and in two different buildings. The
second floor experiment and the cage layer experiment were con-
ducted nearly simultaeously. Any differences in numbers per
treatment in the floor or caged experiments were due to the
availability of pheasants. Obviously, these seasonal con-
straints tend to increase the uncertainty of valid comparisons

between experiments (Anderson, 1967).

14
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For all adult experiments, the allocation of birds to
each of the 16 dietary treatments and of treatments to pens
or cages was done randomly, with the restriction that all
treatments received similar numbers of heavy and light hens.
All birds were from stock that was not selected for any of
the traits studied except that all birds were from stock
selected for increased egg numbers. The source of the adult
birds was not the same for all replicates. The floor-housed
pheasants used in experiment one were from different genetic
experiments here at Michigan State University. The original
stock was derived from contributions from a private gamebird
farm and the Michigan Department of Natural Resources. The
floor-housed adult pheasants of experiment two and all the
caged layers and males were progeny of experiment one breeders
that were fed rations which were considered adequate in all
nutrients.

All adults were weighed before being assigned to a treat-
ment. The birds were also specked (specks are plastic eye-
shields to inhibit cannibalism) and wing-clipped at this
time. For the pheasants in the first experiment, these
operations were completed during the adjustment period, which
lasted approximately ten days. The same amount of time was
given birds in experiment two for acclimation. No pre-treat-
ment period was allowed birds of any experiment regarding the
feed treatments. The duration of all adult experiments was

90 days.
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The composition of the vitamin/mineral premix, and a
list of the ingredients used in the ration formulation are
in different tables in Appendix B. The calculated analyses
of pheasant rations currently used at Michigan State Univer-
sity are also listed in Appendix B. The dietary Ca:P ratios,
levels, and respective treatment combinations are listed in
Appendix B, Table 1.

In addition to the specks for the floor birds, red lights
were used to aid in preventing cannibalism. Incandescent 15-
watt light bulbs were spray painted red (OSHA Red).

During the production period, lights for all replicates
were on 14 hours per day and were increased to 17 hours per
day after the peak egg production was reached (Hinkson et al.,
1967; Woodard and Snyder, 1978). Sixty-watt incandescent
light bulbs were used in the caged layer room.

For all laying hen experiments, eggs were collected once
each day. Eggs were recorded as intact, broken, or softshell,
and marked to allow specific identification of each egg. All
eggs were then individually weighed (in grams) and stored at
60°F (15.6°C) until they were brought to room temperature
before being placed in the incubator. Eggs were not fumigated.
On the same day once each week, the eggs were broken open,
rinsed of albumen and air dried. These dried eggshells were
stored for further processing. These eggshells were weighed
individually (+ 0.01 grams), and the eggshell thickness was

*
determined (+ 0.05 mm.), using a micrometer . The average of

* Federal brand, model P6I manufactured by Federal Products
Corp., 1144 Eddy Street, Providence, RI 02901
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two eggshell thickness values taken at the equator of the egg
were used for the statistical analysis (Hinkson et al., 1970).

For three consecutive weeks, eggshell membrane thickness
was directly determined from the total egg production for one
day by using the micrometer that was used for measuring the
eggshell thickness. This was done for only the caged layers
and replicate two of the floor birds.

For all adults, feed consumption was determined every
28 days and for the final week. The first statistical analysis
(Group 1) of feed consumption was performed on the weighted
treatment totals for each experiment disregarding the replica-
tion within the caged layer treatments. The caged layer
treatments were subsequently analyzed as a separate entity
(Group 2). Feed consumption data for birds housed on the
floor included the feed eaten by the males. Male breeder
feed consumption was determined for the 48 individually caged
males used for artificial insemination of the caged layers.

A single batch of feed was prepared for hens of each treatment
of the first floor replicate. A second single batch of feed,
according to the treatment ration specifications, was pre-
pared that was sufficient for the caged layers and experiment
two of the floor birds.

For all layer/breeders, heparinized blood was collected
from each pheasant at the end of the experiment and pooled
according to treatment and sex. 'This plasma was analyzed
for calcium and phosphorus by atomic absorption spectroscopy

and with a light transmittance spectrophotometer, respectively.
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The blood plasma inorganic phosphorus was analyzed using
the Gomorri modification of the Fiske and SubbaRow colori-
metric technique and calcium via the atomic absorption
spectrophotometric technique; both as given in the working
laboratory procedures outlined by Ullrey. Artificial com-
posite serum standards were prepared and diluted 1l:4 with
12.5% TCA, the same as the plasma samples. The TCA de-
proteinized the plasma samples. After centrifugation, an
aliquot of the supernatant was mixed with an MS (molybdate-
sulphuric acid) and elon (p-methyl-amino-phenolsulfate)
solution, and read after 45 minutes of incubation at room
temperature. For plasma calcium the deproteinized super-
natant was diluted 1:2 with 20,000 ppm Sr, and read.

For the breeders of experiment one, no tibia samples
were taken. For experiment two (floor birds) two females
and one male were killed and frozen for later removal of the
tibia. Tibia data of the males were similar to the data of
the females so the data were pooled for statistical analysis.
For the cages layers (experiment three) one female from each
replicate was killed (four per treatment) and one male from
each replicate was killed (four per each of the two feed
replicates), and likewise stored for later removal of the
tibia. The tibiae were removed and processed along with
the tibiae from the starter/grower pheasants for tibia per-
centage dry fat-free bone (dffb), dffb percentage ash; and

ash percents calcium and phosphorus.
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For all tibiae, the following procedure was used. The
bone was placed in boiling water for about two minutes, then
the remaining tissue was mechanically removed. The air-dryed
individual bones were then weighed, wrapped in cheesecloth,
tagged, and crushed. These bones were then extracted with
absolute ether and then 200 proof ethanol for 24 hours each.
The bone packages were air-dryed between extractions. After
these extractions the bones were considered dry and fat-free
and were individually weighed into a tared, pre-ashed
crucible. The amounts of dffb and ash were determined by
difference. The bones were ashed at about 600°C overnight
in a muffle furnace. Weighed portions of the ash were
analyzed for calcium and phosphorus by dissolving in 6N HCL,
diluting to 100 ml with distilled deionized water, then
storing at room temperature. Working standards and sample
aliquots of the diluent were diluted with SrC12. The calcium
concentrations were then determined using an atomic absorp-
tion spectrophotometer. The ash phosphorus concentration
was determined by further diluting an aliquot of the pre-
viously discussed diluent, plus working standards as described
for determinations of plasma phosphorus. The calcium and
phosphorus determinations were made using the previously
discussed equipment procedures.

At the time of hatch, all chicks of treated adults were
banded and kept separated by dam treatment; they were then
weighed as a group. Random hatches were collectively brooded

for three weeks. For these randomly selected hatches,
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mortality records were kept to determine the effect of dam
treatment on subsequent liveability of the offspring.

All chicks (including starter/growers) were brooded
under gas brooders with supplemental infra-red lamps. These
lights were on constantly. Heat was provided as needed,
starting at about 90°F (32.2°C). A cardboard brooder ring
was used to confine the chicks for the first five to seven
days. Depending on the availability of Plasson or other
mechanical waterers, chicks were provided with water from
the automatic waterers and/or one-gallon waterers for the
first seven to ten days. They were then all changed over
to 'automatic' waterers. At least one one-gallon waterer
was provided for each 50 chicks during those first few days.

During the brooding period, feed was provided in a tube
or trough-type feeder, each chick having at least one linear
inch (2.54 cm.) of feeder space for the first week, then at
least 3 linear inches (7.6 linear cm) throughout the growing
period. 1In the battery brooders the feeder space was at
least 1.0 linear inch (2.54 cm) per bird with at least 0.5
linear inches (1.3 cm) water space per bird. Dimensions of
the Petersime battery brooder cage were 40" x 28" x 9"
(101.6 x 71.1 x 22.9 cm).

Adult data were statistically analyzed in two basic
ways. In one, the caged layer experiment totals were con-
sidered as a replicate and evaluated along with the data of
the two floor experiments (this has been defined as Group 1).

In the other analysis the data from the caged females were
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analyzed separetely (this has been defined as Group 2).

One caged layer replicate (of four) was deleted for the
statistical analysis of data from some parameters in an
effort to avoid unequal replication at some time periods
(egg fertility and hatchability). In those cases where the
data in a treatment were complete, the replicates with the
largest number of eggs were chosen. If no deletions were
necessary all four replicates were used.

The stat4 computer statistical program was used for
evaluation of all adult and starter/grower data, except
those with unequal replication (e.g. adult body weight per-
cent change), for which a special ANOVA program was used.
The stat4 program is a split plot analysis if there are
period effects, otherwise it is the regular ANOVA.

All linear, quadratic or cubic effects were determined
using orthogonal polynomials. If the averages of any model
component were linear, then all the points on the line could
be considered significantly different. All statistical
tests are described by Gill (1978). Differences between
means were determined by using the Bonferroni t-test, unless
otherwise stated. Exceptions are the tables where the treat-
ments were ranked according to their degree of influence on
a parameter, in which case the significance level was deter-
mined using the Tukey test of means. In there was homogenous
variance among the means, as determined by the f-max test

(SLZ/SMZ), the standard error of the mean (SEM) was calculated

as,MSE/No. observations per mean. For the means with
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heterogenous variances, the conventional square root of
the variance divided by the number of observations per mean
was used as the SEM.

The values for all egg fertility and hatchability results

are in percentages, as re-transformed from the arcsin. The

arcsin transformation (i.e., arcsinYproportion) of all
original egg fertility and hatchability data was used for
the statistical analysis of this data. The resulting arcsin
mean values were converted back to percentages after statis-
tical evaluation. Conversion of the SEM from arcsin to
percentages is not correct statistical procedure.

For each parameter discussed with a statistical analysis,
the analysis of variance table is in Appendix C, in the order

in which that subject appears in the text.

1. Experiment one (El)

The pens of this replicate measured 7' x 10' (2.13 x 3.05
meters). There were 14 females and 2 males in each of 16
dietary treatments, each having 4.4 sq. ft. (0.41 meters)
floor space. Pine shavings were used as litter for all adult
and starter/grower floor birds.

All adults of the first experiment were maintained during
the growing period at six hours light per 24 hour period.
They were brought into egg production by increasing the light
duration in three two-hour steps, which were four days apart,
to 14 hours total light. Males were lit about two weeks

prior to the females.
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Total egg production from six days each week was incubated
in 1977 and from five days in 1978. Due to crowded conditions
on the incubators, these eggs were candled at 10-12 days
incubation in 1977. Apparent infertiles and early deads were
removed at this time. Eggs were transferred to the hatching
incubator at day 21 of incubation and chicks were removed
from this incubator on day 26.

Adult pheasant data that were collected are summarized
in outline form:

A. Egg data

1. percent hen-day (intact eggs) egg production by
10-day period

2. egg weight of all eggs except softshell and
broken (including non-leaking cracks)

3. eggshell weight and thickness determined once
a week

4. apparent fertility and hatchability--for intact
eggs from five days each week (10 weeks)

a. mortality through three weeks of age for the
chicks from these eggs; data were summarized
according to the treatment of the dam

B. Body weight percentage change over the 90 day experi-

ment

C. Feed consumption in grams per bird per day

D. Adult blood calcium and phosphorus levels

E. Tibia dry fat-free bone, ash, and ash percents calcium

and phosphorus
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2. Experiment two (E2)

There were ten females and two males in each treatment
of the second experiment. The pens used for the birds of
the second experiment measured 10' x 15' (3.05 x 4.58
meters), giving 12.5 sq. ft. (1.16 sq. meters) per bird.

During the maintenance period all pheasants that were
used for experiment two and the caged layer experiment
were specked and housed in a 38' x 24' (11.6 x 7.3 meter)
room. Only four hours light was used during the major
portion of this time. Specks were removed from the birds
only when they were transferred to cages. These birds also
had both wing feathers and tail feathers clipped to aid in
the movement within the cage.

Data were collected using the same procedures during
the second experiment as in the first experiment. The type
data collected in experiment two and the caged-layer experi-
ment were the same as in experiment one with the exception
of the additional information for the eggshell membrane
thickness and bone data of experiments two and three.

Also, for experiment two, all incubated eggs were only
candled at the time of transfer to the hatching incubator.
Again, all apparently infertile eggs and early deads were

removed and recorded as such.

3. Experiment three (E3)

The caged pheasants were given about six weeks acclima-
tion time. Some pheasants would not adjust to this environ-

ment and killed themselves by repeatedly jumping and hitting
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the cage top or by not eating.

The caged layers were confined individually in 8" x 14"
x 12" (20.3 x 35.6 x 30.5 cm.), numbered cages; giving a
space of 112 sq. in. (722.7 sq. cm.) per bird. One inch
(2.54 cm.) mesh 14 guage wire was used to construct the cages.
These cages had a two inch (5.08 cm.) sloping wire floor and
a four inch (10.2 cm.) wide egg tray which was divided
according to cage number by a piece of wire. The mono-Flo
watering system was used. The cage doors were constructed
to swing 'in' for ease of catching and returning the hens or
cocks for/after artificial insemination or semen collection.
The feeders were attached to the outside of the cage, par-
tially blocking the door. Door fasteners had to be used
for a portion of the cages to prevent the pheasant's escape.

All birds were weighed and had the wing feathers clipped
before treatments started. Specks were removed from all
caged birds. The caged birds had the feathers clipped on
both wings and the tail.

There were four hens per replicate and four replicates
per treatment, with replicates randomly allocated throughout
the room but also ensuring a replicate from each treatment
in all sections of the room (two sides and the middle).
Forty-eight males were randomly allocated to one of two
feed replicates of the same commercial layer breeder ration.
The males were used as the source of the semen for the
artificial insemination part of the experiments. The
secondary purpose of these male feed replicates was to

determine the average feed consumption of caged male pheasants.
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All males were kept in the center cages, at the end opposite
the females of the center section.

For the artificial insemination, a glass tube 'straw'
was calibrated to hold approximately 100 million spermatozoa
(0.025 ml semen). This was done using a light transmittance
spectrophotometer and a standard curve. The sperm count of
the standard curve was established with a hemocytometer.
Males were lit about three weeks prior to the females and
about five weeks before the need for semen (Woodard and
Snyder, 1978).

Hens were initially inseminated three times in eight
days, and weekly thereafter. Within 15 minutes after
collecting the pooled semen in a glass or plastic vial, the
semen was deposited at the UV junction of the everted female's

oviduct by blowing it through a straw/rubber hose assembly.

STARTER/GROWER PHEASANTS

As for the adults, two types of management systems were
evaluated (floor-reared chicks through 16-weeks of age vs.
battery-reared chicks through four-weeks of age) for their
effect on these dietary mineral requirements. These data
were in addition to evaluating the nine dietary treatments,
which were of primary concern. Again, differences in numbers
per replicate were due to the availability of chicks. The
source of chicks was the same for all replicates (from hens
of experiment one that were being fed the conventional
pheasant rations) except the chicks of the first floor

replicate. The chicks from the first floor replicate came
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from extra eggs from breeders at the Department of Natural
Resources gamebird farm at Mason, Michigan.

Ingredients used and the calculated analyses for the
dietary treatments are listed in Appendix B. Enough feed
(starter or grower or flight) was mixed at one time so all
replicates at a particular age were fed with feed ingredients
from the same source.

There were two replicates for the floor-reared chicks
and three for the battery-reared chicks. However, there was
a problem with one replicate of the battery-reared chicks
in that some chicks initially could intermingle to a limited
degree between treatments, but not later. Therefore, the
only data used from this replicate was for the bone data
from chicks in the correct group at four-weeks of age.

The tibiae from the developing pheasant chicks were
processed as discussed for the adult bones. Samples were
taken at two, four, eight, and twelve-weeks of age. Due to
excessive mortality in the 0.2 percent dietary phosphorus
treatments, the tibia data were analyzed in three different
ways:

1. all floor and caged replicates and using all treat-

ments at two weeks of age

2. two and four week data comparisons for all replicates

except SG IIc

3. two, four, eight, and twelve week data for only the

floor replicates.

In an effort to decrease experimental error (and to

create enough ash for calcium and phosphorus determinations)
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both tibiae were combined and processed as one, for the two-
and four-week old chicks. Otherwise one tibia, chosen

randomly, was used for the various determinations. The now-
calcified cartilage cap was included for all eight-week and

older birds.

1. Day-old through 16 weeks of age reared on the floor

Replicate one had 52 chicks and replicate two had 45
chicks in each of nine dietary treatments, respectively.
Replicate one was conducted from June through September, and
replicate two from August through December, 1977.

Data collected from these chicks were:

A. body weight for day-old through four-, eight-, twelve-,

and sixteen-weeks of age

B. Feed Comsumption

1. Starter: day one through six-weeks of age

2. Grower: seven through twelve-weeks of age

3. Flight: thirteen through sixteen-weeks of age
C. tibia determinations as previously described for

the adult tibiae

2., Battery-reared chicks (SG I, II, IIlc)

Replicates one, two, and three had 22, 26, or 25 chicks,
respectively, in each of nine dietary treatments. The
duration of these experiments was day-old through four-weeks
of age.

These replicates were terminated after the 28th day due
to the vertical space limitations of the Petersime battery-

brooders.
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All starter/grower experiments were conducted during

July and August, 1977.

RESULTS AND DISCUSSION

Data from the adults will be presented first, then
the starter/grower information, and then an overall summary/
discussion. Treatment numerical designations are defined
in Appendix B, Table 1. Groups 1 and 2 are defined on the

Abbreviations and Symbols page.

ADULT DATA

Egg Apparent Fertility

For Group 1 the experiment means for egg apparent
fertility were: El1 = 61.2; E2 = 73.7; E3 = 86.8 percent,
respectively. All these means significantly differed from
each other (P < 0.05). These levels of fertility are similar
to the ones from natural mating experiments as reported by
Woodard et al. (1970). The Chukkar Partridge egg fertility
averages for four successive production periods was: 77;

74; 83; and 79 percent, respectively. The different pheasant
mating systems may be a reason for these differences between

means of pheasant egg apparent fertility. The inherent vari-
ability of the mass mating system vs. artificial insemination
could have had an influence on these values. Also, it should
be remembered that the present experiments were done over two
years and at different seasons (E1l = May through August, 1977;

E2 and E3 = February through May, 1978).
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In Group 1, increased concentrations of dietary calcium
caused a linear (P < 0.01) decline in egg apparent fertility
(P < 0.035), see Table 1. Only the extremes of this range of
means were significantly different from each other (P < 0.05),
even though the relationship of increasing dietary calcium
and decreasing egg apparent fertility was obvious. The egg
apparent fertility reported in Table 1 is not much lower
than the pheasant egg fertility of 85-91 percent reported
by Woodard and Snyder (1978). However, there was no indica-
tion of any calcium effect for Group 2 egg apparent fertility
data (P > 0.52).

For Group 1 (Table 2) the 80-86 percent egg apparent
fertility from hens fed diets with the lowest calcium:
phosphorus ratios (2.5 to 4.2:1) was marginal but acceptable.
According to Jordan (1977), standards for egg apparent
fertility and hatchability are: 90 percent of all eggs set
should be fertile and 90 percent of all fertile eggs should
hatch. For Group 1 data, 47.3 percent egg apparent fertility
(a 3.3% Ca treatment) was not different from 84.7 percent
(P > 0.20), but was possibly different from 85.6 percent
(P < 0.2) egg apparent fertility. The latter two values were
from 1.5 percent Ca treatments. These data are listed in
Table 2. For Group 2, there was no difference between any
of the treatment combination averages of the egg apparent
fertility, which ranged from 89 to 97 percent. Only some of
the high or low extremes of the treatment combinations (Ca:P
dietary ratios) were consistent in their relative ranking

(see Table 2) between the two groups of data.
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Table 1. Calcium effect on pheasant egg apparent fertility.

Percent Dietary Calcium Mean as a percentage*
1.5 82.8P
2.1 77.73P
2.7 73.13P
3.3 63.9%
*

Means with different superscripts are significantly
different (P < 0.05).

Data are from Group 1 (combined floor- plus caged-hens)
Data are converted from the arcsin transformation which
was used for the statistical analysis. The SEM can not
be transformed from the arcsin.
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Table 2. Effect of various dietary calcium and phosphorus
combinations on the pheasant egg apparent

fertility.
(A) P (B) P
* greater than % greater than
trt. mean .20 .10 .05 trt. mean .20 .10 .05
4 85.6 n/a 15 96.9 n/a n/a
3  84.7 4 96.8
2 84.0 14 96.8
7 82.7 12 96.7
14 80.7 13 96.2
8 80.6 9 95.8
10 80.1 10 95.3
1 76.1 3 94.8
6 75.8 11  94.3
9 74.8 8 94.0
5 70.8 5 91.6
15 70.0 6 89.9
11 68.9 7 88.9
12 68.0 2 89.4
16 55.5 1 89.4
13 47.3 16 88.9

Means within the range of a line are not significantly
different for each level of significance. Treatments
(trt.) are defined in Appendix B, Table 1, and Table 1
of the text.

Data are percentages as converted from the arcsin trans-
formation. The standard error of the means could not be
converted. (A) data are from Group 1, and the (B) data
are from Group 2; these Groups are defined on the
Abbreviations and Symbols page.
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As shown in Table 2, the range of means of pheasant egg
apparent fertility from Group 2 data was higher than the
means from Group 1. Obviously, these differences between
the egg apparent fertility means were probably primarily due
to the previously discussed different mating systems. A
summary of the total eggs incubated, the number of these
that were apparently fertile, and the number of fertile eggs
that hatched are listed in Appendix A, Table 2. These overall
percentages of fertility and hatchability for each treatment
(listed by experiment) are different from the data presented
in the text. A reason for these differences is that the
data within the text was from three selected replicates of
experiment 3 but all four caged layer replicates were included
in the appendix summary, for Group 2. Also, for all these
data, the data within the text is from ten period observation
summaries, and so reflects period variability, while the
appendix summary is an overall mean.

Perhaps there was an adverse effect of temperature on
the hens of experiment one (Group 1) which would partially
account for the lower value in experiment one--see above
and Vioodard and Snyder (1978) Thomason et al. (1978) did
not find such a temperature effect to 28°F (82°F) with
turkeys. Also, the in-house temperature during experiment
one was often greater than 80°F. Above 82°F there is
embryonic development (see Winter and Funk, 1956). The
storage period then could have killed or weakened the embryo,

resulting in a lowered egg apparent fertility and hatchability
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for the two floor experiments. The floor birds had the
opportunity each day to incubate the eggs; this elevated egg
temperature could have been a contributing factor in the
decline in egg apparent fertility and hatchability, as has
been discussed above.

There were no replicate means (zero fertility) for this
Group 2 data at some time periods. Therefore, as described
earlier, the same three replicates (out of four) were used
for the statistical analysis of the egg apparent fertility
and hatchability data. This is an explanation of the
differences between Group means listed in Table 3; also,
between the means of Group 2 of Table 3 and the overall mean
of experiment 3 of Group 1.

Males used in the caged management system were fed a
commercial pheasant layer/breeder ration with 2.6 percent
dietary calcium and 0.6 percent available dietary phosphorus.
One might also speculate then that the lower egg apparent
fertility of the (Group 1) floor replicates could have been
a dietary effect on the males, but not on their capacity to
produce semen if semen production was effected by high dietary
calcium, the high fertility of Group 2 could not have been
attained. Additional work should be done in this area.

None of the males were rested for a week or two as
suggested by Jordan (1977), and perhaps this made a difference
in the overall lower apparent fertility levels of eggs of
the (Group 1) floor experiments.

The period (time) effect of egg apparent fertility from
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Table 3. Effect of time on percent apparent egg fertility
and hatchability of pheasant eggs.
Group 1 Group 2
Percent Percent Percent Percent
Fertility  Hatchability Fertility  Hatchability
Period mean* mean* mean* mean*
1 58.52 58.92P 89.82 68.53P
2 68.5° 57.92 90.32 63.62
3 72.2b¢ 70.2¢4 95.43P 69.72P¢
4 76.3Pcde g9 3cd 96.02P 86.3d€
5 77.65de 66.6°¢4 95.43P 76.1P¢d
6 82.9¢ 65.83Pcd 97.4° 78.6Pcde
7 79.5¢de 61.92P¢ 95.23P 87.0°
8 77.1°de 62.02b¢ 92.32P 81.84¢
9 76.9¢de 72.59 92.72P 84 2de
10 75.1Ped 64 .93Pcd 92.12P 86.7°
*

Means within a column with different superscripts are
significantly different (P < 0.05).

Standard deviations are not presented because this infor-
mation could not be converted from the arcsin along with
the means. All statistical analyses were done with the
data as the arcsin transformation.

These period averages of all treatments are from five
consecutive days egg collection during each week. Groups
1 and 2 are defined on the Abbreviations and Symbols page.
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the first Group was primarily due to the differences in the
first four periods (Table 3, of Figure 1). The egg apparent
fertility period averages during the last seven periods
ranged from 75-83 percent, which was an increase over the

first periods (Figure 1, or Table 3).

Hatchability

Hatchability of pheasant eggs from both Groups 1 and 2
was not affected (P > 0.05) by dietary treatments. These data
are ranked in Table 4, for both Groups. The same selection
procedure as described in the section on egg apparent fer-
tility was used here to compensate for the missing data of
Group 2. The same three replicates were used for fertility
and hatchability data in this second Group.

There was a significant (P < 0.002) experiment effect on
the hatchability of pheasant eggs from hens in Group 1. These
experiment averages for egg hatchability were: El1 = 57.5;

E2 = 63.5; and E3 = 73.8 percent. The mean hatchability of
eggs from the caged hens was significantly different from the
means of both floor experiments (P < 0.05). There was a
significant (P < 0.0005) period effect on hatchability of
pheasant eggs from hens of both Groups 1 and 2 (Table 3 or
Figure 1). Woodard and Snyder (1978) reported hatchability
values of 69-74 percent for recycled pheasant hen's eggs,
which is similar to many of the results of this study.

For both Groups 1 and 2, the period effect on hatchability
was primarily due to the lower egg hatchability levels in the

first three weekly periods, after which these values plateaued.
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Table 4. Effect of various dietary calcium and phosphorus
combinations on pheasant egg hatchability.

(a) P (B) P
* greater than * greater than
trt. mean .20 .10 .05 trt. mean .20 .10 .05
14 73.5 n/a 14 91.0
8 72.5 5 82.9
7 68.9 9 82.8
2 68.1 13 82.2
12 67.8 16 82.1
3 67.4 4 81.7
5 67.0 3 79.7
1 66.3 15 79.2
11 66.0 6 77.3
6 65.1 10 76.6
10 64.8 7 76 .4
4 64.3 12 76.2
15 63.6 11 74.6
9 62.8 2 71.9
16 58.4 1 71.5
13 42.7 ) 8 70.0

Means within the range of a line are not significantly
different for each level of significance. Treatments (trt)
are defined in Appendix B, Table 1. ' o

Data are percentages as converted from the arcsin transfor-
mation. The standard error of the means could not be
converted from the arcsin.

(A) data are from Group 1, and the (B) data are from Group
2; these Groups are defined on the Abbreviations and Symbols

page.
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Figure 1. Effect of time on pheasant egg apparent fertility
and hatchability. Each period mean represents
the fertility or hatchability of all eggs from
all treatments that were laid on five days per
week for experiment one, but from six days for

experiments two and three.

Experiments and Groups 1 and 2 are defined on
the Abbreviations and Symbols page. Periods are

from consecutive weeks.
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The experiment effects on hatchability of eggs from
hens in Group 1 can not be explained on the basis of thinner
eggshells, which will be discussed later. Woodard et al.
(1970) reported average hatchability of fertile Chukar
Partridge eggs to be 60.3 to 72.7 percent, which is similar
to the pheasant data of the present study.

Hinkson et al. (1970) studied the effect of confining
pheasant breeders in cages. They stated that their results
of variable fertility and hatchability confirmed work of

earlier researchers.

Hen-day Percent Egg Production

The experiment effect on hen-day percent egg production
of hens in Group 1 was highly significant (P < 0.0005), see
Table 5, and may have been related to the fact that experi-
ment one was conducted during the hot summer months (Woodard
and Snyder, 1978). The approximate total intact eggs produced
during the three experiments were: El = 11,506; E2 = 9,013:
and E3 = 14,524 intact eggs. These data were summarized by
ten-day blocks, for each treatment combination for statistical
analysis.

All four replicates per treatment were summarized in the
statistical analysis of the data from the caged hens in Group
2.

Unlike the data which formed part of the rational for
these experiments (Flegal et al., 1973; Flegal, 1978) the
high calcium (3.3 percent) ration did not stop egg produc-
tion, but may have inhibited it. Averages of the percent

hen-day egg production for the non-significant calcium effect
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Table 5. Percent hen-day egg production of pheasants. Data
are summarized by replicates of Group 1.

Experiment mean + SEM*
One (floor) 58.3 + 1.32
Two (floor) 68.5 1.0°
Three (cage) 70.5 0.8b
*

Means with different superscripts are significantly
different (P < 0.05).

Group 1 and experiments are defined on the Abbreviations
and Symbols page.



42

were: 63.9; 65.5; 68.0; and 65.7 percent for Group 1, and
62.1; 70.9; 70.9; and 68.8 percent for Group 2. The dietary
calcium concentrations were: 1.5; 2.1; 2.7; and 3.3 percent,
respectively. Hinkson et al. (1967) reported that excessively
high (3.7 percent) calcium in the ration had a depressing
effect on pheasant egg production. Their 2.54 percent dietary
calcium treatment resulted in the highest egg production.
They used phosphorus at 0.6 percent of the diet. These data
of Hinkson et al. (1967) were somewhat in agreement with
the results of these experiments. King (1978) reported that
Ca at 3.8 percent of the diet did not affect pheasant egg
production.

The effect of the dietary phosphorus concentration on
the hen-day percent egg production of hens of Group 1 was
marginally significant (P < 0.053) according to the ANOVA
f-statistic, see Table 6. Based on the parameter of percent
hen-day egg production, determination of a minimum level of
phosphorus needed by the laying hen pheasant was not possible
because a deficiency state was not attained. The Group 1
results reported in Table 6 are not indicative of a linear
(or dose) response of hen-day egg production to dietary
phosphorus level. This response was evident in Group 2 also
but means were not significantly different from each other
(P > 0.05). The Group 2 means were: 68; 67; 67; and 70 per-
cent for dietary phosphorus levels of 0.3; 0.4; 0.5; and 0.6
percent, respectively.

Vohra (1973) has suggested that the pheasant chick was

able to use a number of levels of metabolizable energy and
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Table 6. Effect of dietary phosphorus on percent hen-day
egg production of pheasants of Group 1.

Percent Dietary Phosphorus mean + SEM*
0.3 70.2 + 2.0P
0.4 63.4 2.0%
0.5 62.9 2.0°
0.6 66.6 2.03P
*

Means with different superscripts are significantly
different (P < 0.05).

Group 1 is defined on the Abbreviations and Symbols
page.
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protein in different combinations. As observed in these
experiments, the egg producing hen pheasant was able to
adapt to a wide range of calcium and phosphorus concentra-
tions/ratios. This has also been observed by King (1978).

There was no significant difference between any of the
hen-day percent production averages (P > 0.20) of the calcium
by phosphorus interaction (these are the specific treatment
combination averages). The range of these means in Group 1
was 58-74 percent and 51-76 percent hen-day egg production
in Group 2; this data is listed in Appendix A, Table 3.

For both Groups 1 and 2, the appearance of the hen-day
egg production graph was normal (Figure 2) but shifted down-
ward when compared with the expected production curve for
chickens (Appendix D, Figure 1; DeKalb 231 Management Guide).
A possible reason for the lesser egg production, other than
species differences, from the pheasants versus the chickens
is that the pheasant data was summarized over all dietary
treatments. All these treatments were not meant to be optimum
for any production parameter, as was the case for hens generat-
ing the DeKalb data. The data from the present study are
presented in Table 7 and Figure 2.

Shown in Table 7 and Figure 2 is the significant period
effect on the hen-day percent egg production (P < 0.0005)
for hens in both Groups 1 and 2. The data are of the natural
increase and decrease of egg production with time (compare
with Appendix D, Figure 1). Data from the first period for
Group 1 were eliminated because hens of the experiments did

not start producing at a uniform rate after administration
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Effect of time on the hen-day percent egg
production. Each period represents the

egg production from all treatments for each
consecutive ten-day collection period.
Groups are defined on the Abbreviations and
Symbols page. The first period was deleted
for Group 1 because hens of all experiments
did not all start production of eggs

immediately after the treatments were fed.
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ble 7. Effect of time on pheasant hen-day percent egg
production and egg weight (in grams). Part 1

Group 1
Percent Hen-day Egg Weight, .,
Egg Production (in grams)
Period mean + SEM~* mean + SEM~
1 S 29.0 + 0.2%
2 64.8 + 1.3°C 29.6 0.2°
3 71.9  1.2¢ 30.3  0.2¢
4 69.8 1.2¢d 30.7 0.29
5 68.9 1.2Pcd 30.9 0.29¢
6 69.0 1.7°d 31.1  o.2¢f
7 65.1 1.8P°C 31.2  o.2f
8 62.0 2.3P 31.2  o0.2¢8f
9 54.8 2.5% 31.2  o.2f

*
Means within a column with different superscripts are

significantly different (P < 0.05).

*%
The egg production data of Group 1 are menas of the last

*%%k

eight ten-day periods of egg production.

Groups 1 and 2

are defined on the Abbreviations and Symbols page.
All means are a summary of all treatments for that ten-

day period.

Data are means of the nine ten-day periods.
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Table 7. Effect of time on pheasant hen-day percent egg
production and egg weight (in grams). Part 2
Group 2
Percent Hen-Day Egg Weight
Egg Production¥*** (in grams) ***
Period mean + SEM~* mean + SEM%
1 47.8 + 1.32 28.3 + 0.052
2 646.7 1.3° 28.7  0.05P°
3 68.6 1.3bcd 29.1  0.05°
4 73.0 1.3 29.6 0.059
5 73.5 1.3° 29.9  0.05€
6 73.9 1.3° 30.3  0.05%8
7 72.5 1.3 30.2  0.05f
8 71.8 1.3%de 30.4 0.058P
9 67.9 1.3P¢ 30.5 0.05"

*
Means within a column with different superscripts are

significantly different (P < 0.05).

*k%k

Data are means of the nine ten-day periods.

For other information, see Part 1 footnotes.
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of the dietary treatments.

Greeley (1962) reported that pheasant egg production
reflected the level of dietary calcium. He used a range of
dietary calcium of 0.37 to 2.34 percent.

Egg production figures for the treatments of the pheasant
study were all higher than those for pheasants reported by
Hinkson et al. (1970), who reported an 11-51 percent hen-day
egg production range for all treatment averages. They stated
that all their treatment egg production means were low
because of the cold winter temperatures. However, the pheas-
ants of this study were more productive during the spring
versus the summer months (Table 5).

Holcombe et al. (1977) found that for chickens selected
as producers of high or low specific gravity eggs, diets
containing 3 or 5 percent calcium did not result in deleter-
ious effects on egg production, egg weights, body weight, or
feed consumption.

Owings et al. (1977) reported that 0.1 percent available
phosphorus would substantially reduce the egg production of
S.C.W.L. laying hens, but that egg production was maintained
if the dietary available phosphorus was 0.19 percent and was
best if the dietary available phosphorus was 0.28 percent.
Anderson (1967) reported data from a second experiment which
indicated that production of caged chicken layers was in-
creased if during the pre-lay period, dietary calcium was
raised to 2.6 percent. However, the first experiment results
were that there was no difference in various pre-laying

dietary calcium levels (0.6-2.6%).
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Balloun and Miller (1964) evidently found turkey breeder
hens not to be as sensitive as other previously mentioned
species to calcium level in the diet. They reported levels
of calcium of 1.5; 2.0; 2.5; and 3.0 percent of the ration

to have no effect on egg production or egg size.

Egg Weight in Grams

For Group 1, the experiment effect on egg weight was
highly significant (P < 0.0005), see Table 8. The caged
layers produced lighter eggs than did hens from either of
the floor experiments. Also, the floor experiment hen's egg
weight means differed from each other (P < 0.01). Consider-
ing the hotter weather, the egg size of the first floor
experiment would not be expected to be greater that that of
eggs produced in the spring (Woodard and Snyder, 1978;
Thomason, 1978).

High dietary calcium had a significant (P < 0.026)
negative effect on egg weight in Group 1, and this effect
was linear, see Table 9. This same effect was only a trend
(P < 0.12) for the data of Group 2. 1In Group 1, the hens
fed the 1.5 percent dietary calcium laid significantly heavier
(P < 0.05) eggs than the other groups of hens. The dietary
calcium effect on egg production was a trend toward decreasing
production if calcium in the diet was low or high for both
Groups 1 and 2.

For both Groups 1 and 2, the average of all values during
period one were the lowest, the egg weight increased and

gradually plateaued at around the sixth period (Table 7 or
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Table 8. Pheasant egg weight averages (in grams). Data
are summarized by experiments of Group 1.

Experiment mean + SEM*
One (floor) 31.4 + 0.102
Two (floor) 30.6 0.10°
Three (cage) 29.7 0.10°

*
Means with different superscripts are significantly

different (P < 0.05).

Experiments and Group 1 are defined on the Abbreviations
and Symbols page.
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Table 9. Effect of dietary calcium on pheasant egg weight
(in grams). Data is from Group 1.

Percent Dietary Calcium mean + SEM*
1.5 31.3 + 0.132
2.1 30.5 0.13°
2.7 30.5 0.13°
3.3 30.1 0.13°
*

Means with different superscripts are significantly
different (P > 0.05).

Treatments are defined in Appendix B, Table 1. Group
1l is defined on the Abbreviations and Symbols page.
Group 2 data was not significant (P < 0.12).
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Figure 3). The orthogonal polynomials indicated a linear
and quadratic shape of the response curve of this time effect.

In contrast to these data, Hinkson et al. (1967, 1970)
reported the level of dietary calcium did not affect egg
weight or eggshell-plus-membrane thickness of pheasant eggs.
Their data on egg weight averages were very similar to the
data of the present study. Hinkson et al. (1970) fed dietary
calcium treatments of 0.9, 1.8, 2.5, and 3.7 percent and 0.6
percent available phosphorus. They reported average egg
weights of 30, 31, 30, and 31 grams/egg, for the respective
calcium level treatments. Labisky and Jackson (1969) reported
the weight of eggs laid by yearling and 2-year-old pheasant
hens did not decline significantly toward the end of the laying
season. Average weights of eggs from one-, two-, and three-
year-old pheasant hens was 28.7, 28.5, and 28.3 grams, respec-
tively. Greeley (1962) reported pheasant egg weight averages
of 31.2, 29.2, 30.4, 32.8, and 32.8 grams for hens fed dietary
treatments of 0.37, 0.63, 1.09, 2.01, and 2.34 percent calcium,
respectively. The dietary available phosphorus was 0.53-
0.73 percent.

Atkinson et al. (1967) reported that dietary calcium did
not affect turkey egg weight, among several other parameters.

Anderson (1967) suggested that chicken egg size and egg-
shell thickness are related to independent physiological
mechanisms which apparently responded differently to calcium
and/or phosphorus balances or imbalances during the growing

period.
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Figure 3. Effect of time on the egg weight (in grams)
of pheasants over consecutive ten-day periods.
Groups are defined on the Abbreviations and

Symbols page.
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For Group 2 there was a significant (P < 0.029) phosphorus
by period interaction. For both Groups 1 and 2 the calcium
by phosphorus interaction effect on the egg weight was not
significant (P > 0.05), and the specific averages within this
effect were not significant (P = 0.20). The approximate totals
of intact eggs produced by hens of all treatments during the
experiments were: El - 11,506; E2 = 9,013; and E3 = 14,524.
All these eggs were weighed + 0.01 gram. This information

was then summarized by periods for statistical analysis.

Eggshell Weight as a Percentage of Total Egg Weight

Again, the replicate effect of Group 1 was primarily
caused by the lower (P < 0.0l1) mean for experiment one data.
The experiment averages + SEM were: El1 = 9.06 + 0.04; E2 =
9.50 + 0.03; E3 = 9.58 + 0.03 percent. These data are
similar to that reported by King (1978). The cause of the
lower value for replicate one is unclear, especially because
the eggshell thickness average was not low for the first
floor replicate.

dn both Groups 1 and 2, calcium at 1.5 percent of the
ration resulted in a significantly lower (P < 0.01) eggshell
weight as a percentage of the total egg weight (Table 10).
Thus, 1.5 percent calcium may represent a dietary calcium
level which was below the practical lower limit for laying
hen pheasants. Hinkson et al. (1967) reported that 1.8
percent dietary calcium may be approaching the marginal level
for pheasant egg production. The relationship of eggshell

percentage of total egg weight response to dietary level or
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Table 10. Effect of dietary calcium on pheasant eggshell
weight as a percentage of the total egg weight.

Group 1 Group 2

Percent Dietary - *
Calcium mean + SEM mean + SEM

1.5 9.07 + 0.04% 9.28 + 0.09%

2.1 9.43  0.04° 9.56 0.09°

2.7 9.49 0.05P 9.74 0.09P

3.3 9.53  0.05° 9.73  0.09°

*
Means within columns with different superscripts are

significantly different (P < 0.05).
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calcium was linear and quadratic in Group 1, see Table 10.
In both Groups 1 and 2, time adversely affected the
eggshell weight percentage values (Table 11 and Figure 4).
A deficiency of calcium or an extended period of lay would
be expected to bring about a gradual thinning of the egg-
shell, followed by a cessation of egg production (Sturkie,
1965); see Tables 7, 11, 12, 13, and Figures 2 and 4. The
dietary treatments, as summarized in Groups 1 and 2 are ranked
in Table 12 according to their effect on the percentage egg-
shell. King (1978) concluded that 2.2-2.6 percent dietary
calcium to be the optimum range for proper eggshell quality

of pheasant eggs.

Eggshell thickness (in mm.)

All eggshell thickness values represent the air-dried
eggshell plus the shell membranes. Experiment effects on
eggshell thickness were highly significant for eggs from
hens in Group 1. These thickness values were significantly
different but were in opposite order to that expected (El =
0.302; E2 = 0.295; and E3 = 0.294; and SEM was 0.001 for all
means). When comparing these data with the eggshell percentage
of the total egg weight, the first floor experiment would
have been expected to have the thinnest eggshell (the eggshell
percentage and thickness are obviously measures of eggshell
quantity). An explanation of this anomoly would be that the
eggshell thickness data was subject to rounding errors. The
micrometer used for all egg measurements was only accurate to

one decimal place with the second place estimated. Therefore,
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significantly different (P _ 0.05).

Table 11. Effect of time on pheasant eggshell weight as a
percentage of the total eggshell weight; and on
eggshell thickness (in mm.).
Group 1 Group 2
Shell Pct.d Shell S Shell Pct.@ Shell S
Period Thickness Thickness
1 9.8 +0.07° 0.3029¢  10.0 + 0.09° 0.3019
2 9.8 0.05° 0.308¢ 9.9 0.07° 0.302¢9
3 9.6 0.06°¢ 0.3059¢ 9.6 0.12P¢¢ . 293¢d
4 9.6 0.06°° 0.3049¢ 9.8 o0.079¢  0.299¢
5 9.4 0.073P¢ 0. 299d 9.6 0.09P¢d  0.293¢°d
6 9.5 0.06°¢ 0.3069¢ 9.6 0.07°¢  0.296%¢
7 9.4 0.063%¢ 0.2999 9.6 0.08°9  0.295Pcd
8 9.1 0.09%® 0.291P¢ 9.6 0.08°°¢ .295bcd
9 9.1 0.09%P  0.2882> 9.5 0.09°¢  0.201P°¢
10 9.1 0.07P  0.291P¢ 9.4 0.08%P¢ 0.2872P
11 9.1 0.053>  0.2872P 9.3 0.093®  0.2822
12 8.9 0.072 0.2842 9.2 0.082 0.2832
* Means within a column with different superscripts are

Groups 1 and 2 are defined on the Abbreviations and

The 12 periods represent the average for
all data from treatments on one day each week, for 12
consecutive weeks.

Symbols page.

@ Shell Pct. represents eggshell weight as a percentage
of the total egg weight mean + SEM.

$ Represents the eggshell thickness means (in mm.).

to homogenous variances all SEM = 0.002.

Due



60

Table 12. Effect of various dietary calcium and phosphorus
combinations on the pheasant eggshell weight as
a percentage of total egg weight. Part 1.

Group 1

Ca:P Treat- * P greater than

Ratio ment mean + SEM 0.20 0.10 0.05

9.0:1 9 9.64 + 0.09

7.0:1 5 9.59 0.09

5.5:1 16 9.59 0.09

6.6:1 15 9.58 0.08

6.8:1 10 9.57 0.09

8.3:1 14 9.52 0.08

4.5:1 12 9.42 0.09

5.3:1 6 9.42 0.07

11.0:1 13 9.41 0.10

4.2:1 7 9.41 0.06

5.4:1 11 9.33 0.10

3.5:1 8 9.27 0.09

3.0:1 3 9.09 0.09

3.8:1 2 9.07 0.08

2.5:1 4 9.06 0.08

5.0:1 1 9.06 0.08 }

*

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

Data are on two pages; Groups 1 and 2 are defined on the
Abbreviations and Symbols page.
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Table 12. Effect of various dietary calcium and phosphorus
combinations on the pheasant eggshell weight as
a percentage of total egg weight. Part 2.
Group 2
Ca:P Treat- % P greater than
Ratio ment mean + SEM 0.20 0.10 0.05
6.6:1 15 10.04 + 0.10
4.5:1 12 9.93 0.11
9.0:1 9 9.89 0.07
5.5:1 16 9.71 0.06
3.5:1 8 9.67 0.10
11.0:1 13 9.64 0.10
4.5:1 10 9.58 0.09
4.2:1 7 9.56 0.07
5.4:1 11 9.56 0.12
7.0:1 5 9.65 0.10
8.3:1 14 9.53 0.09
2.5:1 4 9.49 0.10
5.3:1 6 9.45 0.09
3.0:1 3 9.32 0.10
3.8:1 2 9.24 0.11
5.0:1 1 9.07 0.13

* Means within the range of a line are not significantly
different for each level of significance.

See notes in Part 1 for other information.
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Figure 4. Effect of time on the eggshell as a percentage
of the total egg weight; and on eggshell
thickness (in mm.). Data from each period
represent the total eggs collected on the
same day on 12 consecutive weeks. Data are
from all experiments. Data are on two pages,
one for each Group. Groups 1 and 2, as well
as experiments are defined on the Abbreviations
and Symbols page.
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the replicate effect on eggshell thickness may be an artifact.
The eggshell thickness was determined twelve times during the
course of each experiment, using the total egg production for
one day. The approximate number of observations recorded
during each experiment was: 1,510 for all experiment one
treatments; 1,277 for the experiment two treatments; and
1,991 measurements for the experiment three treatments.

These figures were summarized to obtain equal replication for
the statistical analysis.

For both Groups 1 and 2 there was a significant calcium
effect on eggshell thickness (P < 0.0005 and < 0.01, res-
pectively). This data is shown in Table 13. The 1.5 percent
dietary calcium level was low enough to only cause a trend
toward a decreased egg production, but there was a significant
(P < 0.01) reduction in eggshell weight as a percentage of
total egg weight (see Table 10) and a significant (P < 0.05)
reduction in the thickness of the eggshells (Table 13).

Shown in Table 14 is the ranking of treatment combination
means of eggshell thickness as determined for Groups 1 and 2.
These calcium by phosphorus treatment combination averages
are ranked according to their effectiveness in maintaining
a thick eggshell.

These data indicate the pheasant eggshell is similar to,
but thinner than, the chicken eggshell (about 0.325 mm.--
Owings et al., 1977) and thinner than the turkey eggshell
(0.325-0.372 mm-Jensen et al., 1963; and 0.367-0.400 mm-
Balloun and Miller, 1964).
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Table 13. Effect of dietary calcium on pheasant eggshell

thickness (in mm.).

Group 1 Group 2
Percent Dietary % *
Calcium mean + SEM mean + SEM
1.5 0.289 + 0.003%  0.286 + 0.003%
2.1 0.299 0.0004° 0.294 0.00032P
2.7 0.300 0.001°  0.299 0.003°
3.3 0.300 0.001°®  0.293 0.0032P

Means within columns with differnet superscripts are
significantly different (P < 0.05).

Means represent the thickness of the eggshell plus the

eggshell membranes.
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Table 14. Effect of various dietary calcium and phosphorus
combinations on the pheasant eggshell thickness.
Part 1.

Group 1

Ca:P Treat- % P greater than
Ratio ment mean 0.20 0.10 0.05
9.0:1 9 0.307

7.0:1 5 0.304

6.8:1 10 0.303

6.6:1 15 0.301

4.2:1 7 0.301

5.5:1 16 0.301

8.3:1 14 0.300

5.3:1 6 0.300

4.5:1 12 0.297

11.0:1 13 0.296

5.4:1 11 0.295

3.5:1 8 0.293

3.8:1 2 0.290

3.0:1 3 0.289

2.5:1 4 0.288

5.0:1 1 0.287

*

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

Data are on two pages; Groups 1 and 2 are defined on the
Abbreviations and Symbols page. Eggshell thickness values
represent the eggshell plus eggshell membranes. The SEM
of all means of Group 1 was 0.003 (homogeneous variance).



68

Table 14. Effect of various dietary calcium and phosphorus
combinations on the pheasant eggshell thickness.

Part 2.
Group 2
Ca:P Treat- % P greater than
Ratio ment mean 0.20 0.10 0.05
4.5:1 12 0.308
6.6:1 15 0.304
9.0:1 9 0.304
7.0:1 5 0.297
5.5:1 16 0.294
3.5:1 8 0.294
6.8:1 10 0.294
5.3:1 6 0.293
5.4:1 11 0.292
4.2:1 7 0.292
11.0:1 13 0.290
2.5:1 4 0.290
3,0:1 3 0.288
3.8:1 2 0.286
8.3:1 14 0.285
5.0:1 1 0.279
*

Means within the range of a line are not significantly
different for each level of significance.

The largest SEM was 0.0004.
See notes in Part 1 for other information.
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Also, Hinkson et al. (1967) found no calcium effect on
pheasant eggshell plus membrane thickness. Hinkson et al.
(1970) reported that dietary calcium level did not alter
the pheasant eggshell plus membrane thickness and reported
values that were abour 13 or 14/1000 inch (0.330-0.356 mm.).

Greeley (1962) concluded that the effect of higher die-
tary calcium resulting in thicker pheasant eggshells was due
to variation in the shell rather than variation in the thick-
ness of the eggshell membrane. He reported a range (in
microns) for eggshell-plus-membrane thickness of 234 to 294,
for dietary calcium concentration range of 0.37 to 2.34
percent. These data are similar to that presented from the
present study. He also noted that the eggshell thickness of
eggs from hens fed the lower calcium diets became thinner
with time.

The period effect on the eggshell thickness means was
linear (P < 0.01) for both Groups 1 and 2, according to the
orthogonal polynomial statistics. For both Groups 1 and 2
there was a decline in the eggshell thickness over time
(Table 11 and Figure 4), which was also reported by Harms
and Waldroup (1971).

Eggshell Membrane Thickness

For both Groups 1 and 2, the eggshell membrane thickness
values were analyzed for three periods. These data were taken
from one day's egg production on three successive weeks. For
Group 1, there was a trend for high calcium (P < 0.096) and

low phosphorus (P < 0.071) to individually lower the eggshell
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membrane thickness. The calcium by period interaction was
significant (P < 0.007). The period values were: 0.031;
0.032; and 0.033, all SEM=0.0005 mm, for periods one through
three, respectively. These values are quite similar and
probably do not reflect a true difference over time because
of the initial rounding error inherent in the eggshell
membrane thickness measurements, as explained in the eggshell
thickness discussions.

The Group 1 calcium by phosphorus interaction means were
used to rank the effect of dietary treatment combinations on
the eggshell membrane thickness (Table 15). The range of
means for Group 2 data was 0.029-0.035 mm. Apparently, there
was at least a trend for a relationship between low dietary
calcium and higher eggshell membrane thickness values. Greeley
(1962) reported pheasant eggshell membranes ranged in thick-
ness from 21 to 26 microns, for dietary calcium concentrations
of 0.37 to 2.34 percent, which is thinner than the data of
the present study. There was no dietary effect on their egg-

shell membrane thickness.

Blood Calcium and Phosphorus

All these data are from the female pheasants of the three
adult experiments.

1. Calcium

In Group 1 there was only a significant experiment effect
(P < 0.001) on the blood plasma calcium concentration.
Obviously the experiment one mean was causing the signifi-

cance of this effect: El1 = 23.7 + 1.5 mg; E2 = 29.9 + 0.9
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Table 15. Effect of various dietary calcium and phosphorus
combinations on the pheasant eggshell membrane
thickness (mm.).

Group 1

Ca:P Treat- % P greater than
Ratio ment mean 0.20 0.10 0.05
5.3:1 6 0.036

4.2:1 7 0.035

3.0:1 3 0.034

3.8:1 2 0.034

6.6:1 15 0.032

9.0:1 9 0.032

2.5:1 4 0.032

3.5:1 8 0.032

4.5:1 12 0.032

8.3:1 14 0.031

5.0:1 1 0.031

6.8:1 10 0.031

5.4:1 11 0.031

5.5:1 16 0.031

7.0:1 5 0.030

11.0:1 13 0.029

*

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

Group 1 is defined on the Abbreviations and Symbols page.
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mg; and E3 = 29.6 + 1.0 mg Ca/100 ml plasma. The reason this
entire experiment mean was so much lower than the rest is
unclear as the samples were mnot analyzed by group. Roland
et al. (1972) have shown a transient dietary restriction
effect on laying hen chicken serum calcium levels. They
established definate patterns of serum and feces calcium in
relation to time of day and to oviposition. Serum calcium
concentration was opposite to the feces and dietary intake
pattern, but it coincided with time of oviposition. They
listed several references to state that the literature is
replete with conflicting reports of chicken blood calcium
levels. They reported serum concentrations in chickens to
be about 19-22 mg. percent.

As summarized for Group 1, hens fed the two lower dietary
calcium levels did tend to have lower blood calcium than those
fed the two higher dietary calcium treatments (Table 16).

The range for Group 1 calcium by phosphorus interaction
averages was 22-31 mg Ca/l100 ml plasma. These treatment
combination averages of blood calcium as determined in Group
2 were also not significant (P > 0.20). The range for Group
2 treatment combinations was 23-37 mg Ca/100 ml plasma.

Miller et al. (1977a, b) reported on the daily cyclic
nature of chicken plasma calcium and phosphorus levels rela-
time to oviposition. In the 1977a paper, they reported ranges
of 33.2-34.6 mg Ca/100 ml serum and 4.55-6.71 mg phosphorus/
100 ml serum for the laying hen chicken. 1In the 1977b paper,
they reported similar values for serum phosphorus (4.88-6.08

mg. percent).
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Table 16. Effect of dietary calcium on adult hen-pheasant
plasma calcium concentration (mg calcium/100 ml

plasma).
Percent Dietary Group 1 Group 2
Calcium mean + SEM* mean + SEM*
1.5 26.0 + 1.3% 25.5 + 1.82
2.1 26.4 1.92 28.0 1.83P
2.7 29.8 1.82 33.8 1.8€
3.3 28.6 1.12 30.9 1.8P¢

Means within a column with different superscripts are
significantly different (P < 0.05).

Treatments are defined in Appendix B, Table 1.
Groups 1 and 2 are defined on the Abbreviations
and Symbols page.
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Anderson and Stewart (1973) reported blood of juvenile
pheasants to have a concentration of 49 + 10 or 60 + 5 micro-
grams calcium/100 grams wet weight and the blood of adults
to have 110 + 4 or 145 + 43 micrograms calcium/100 grams wet
weight. Blood phosphorus for juveniles was 546 + 79 or 684
+ 27 micrograms, and adults 687 + 79 or 741 + 28 micrograms
phosphorus/gram wet weight. These values appear to be differ-
ent from the levels of these plasma minerals determined in
the present experiments.

2. Phosphorus

The blood phosphorus concentrations as determined for
Group 1 only had an experiment effect. The plasma phosphorus
concentration averages for the three experiments were: El =
5.6 + 0.3; E2 =5.7 4+ 0.2; and E3 = 7.1 + 0.4 mg phosphorus/
100 ml plasma + SEM.

For Group 2 data there was a significant effect of the
four replicates (P < 0.012), as well as a significant dietary
calcium and dietary phosphorus concentration effect (both
P < 0.0005) on the plasma phosphorus levels. This replicate
effect of Group 2 was due to the chance allocation of hens to
treatments, as these means represent the average over all
treatments, for a particular replicate.

Shown in Table 17 are the Group 2 averages of plasma
phosphorus as summarized by the dietary calcium or phos-
phorus treatments. The 3.3 percent dietary calcium treatment
resulted in depressed plasma phosphorus levels. The lowest
(0.3 percent) dietary phosphorus treatment resulted in

elevated plasma phosphorus levels.
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Table 17. Effect of dietary calcium or phosphorus on the
adult hen-pheasant plasma phosphorus concentra-
tion (mg P/100 ml plasma).

Percent Dietary % Percent Dietary %*
Calcium mean + SEM phosphorus mean + SEM
1.5 7.62 + 0.43%¢ 0.3 8.64 + 0.70°
2.1 8.27 0.61° 0.4 7.01  0.472
2.7 7.11  0.61° 0.5 6.59 0.302
3.3 5.39 0.292 0.6 6.16 0.502
*

Means within a column with different superscripts are
significantly different (P > 0.05).

Treatments are defined in Appendix B, Table 1.
Data are from only Group 2, which is defined on
the Abbreviations and Symbols page.
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There was no difference between treatment combinations
of Group 1 (Ca by P interaction). However, in Group 2 there
was a difference among treatments due to this effect. Shown
in Table 18 is the ranking of treatment combination averages

of Group 2.

Adult Feed Consumption

In Group 1 the experiment totals (El, E2, and E3) for
each treatment combination were used for statistical evalua-
tion of the adult feed consumption as measured in grams of
feed consumed/bird/day, (g/b/d). There was no difference
between the treatment combination averages (Tukey test,

P > 0.20). The range of means +SEM was 69.9 to 74.5 g/b/d.
In Group 1, only the experiment effect was significant

(P

| A

0.017). These experiment averages were: El = 67.4;

E2 = 71.0; and E3 = 69.8, all +0.85 g/b/d. The value of the
caged hens of Group 1 was between that of the floor-housed
birds so the effect of the different management systems was
apparently a random one.

There was a trend for the phosphorus effect of Group 1
toward significance (P < 0.085) probably due to the greater
feed consumption of hens consuming feed with 0.3 percent
dietary available phosphorus. These hens also laid more eggs
(Table 6). There was not a similar trend in Group 2. This
may be an internal compensating mechanism for the lower
dietary phosphorus or merely an increased need for nutrients
due to a higher egg production of these hens (Table 6) or to

a combination of these.
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Table 18. Effect of various dietary calcium and phosphorus
combinations on the adult pheasant's concentra-
tion of plasma phosphorus (mg P/100 ml plasma).

Group 2

Ca:P Treat- % P greater than

Ratio ment mean + SEM 0.20 0.10 0.05

7.0:1 5 10.75 + 1.34 |

9.0:1 9 9.8 0.89

5.0:1 1 8.35 1.36

5.3:1 6 7.85 0.66

3.5:1 8 7.80 1.15

3.8:1 2 7.73 0.97

3.0:1 3 7.30 0.53

6.8:1 10 7.13 1.29

2.5:1 4 7.13 0.68

4.2:1 7 6.68 0.38

5.4:1 11 6.28 0.90

6.6:1 15 6.10 0.51

11.0:1 13 5.65 0.60

8.3:1 14 5.35 0.45

4.5:1 12 5.23 0.61

5.5:1 16 4.48 0.60

*

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

Group 2 is defined on the Abbreviations and Symbols page.
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Supplemental information obtained from the caged male
breeders was that of their level of feed consumption. The
averages of feed consumption of these caged males (in grams
of feed consumed/male/day) are presented in Table 19.

For Group 2, the data were treated as those of Group 1
(in this case using the replicate experiment totals of each
treatment combination). There were no significant ANOVA
F-statistics. The range of treatment combination averages
was 62.9 + 2.7 to 75.0 + 3.1 grams/bird/day. In addition,
the data evaluated using the replicate values of each
period. There was only a significant period effect for the
latter statistical analysis. These means + SEM were:

61.4 + 0.7; 72.7 + 0.9; 75.3 + 0.9; and 69.9 + 1.2 grams/bird/
day. These data represent the three 28-day periods and the
value for the last week. All were significantly different
from each other (P < 0.05). These averages paralled the egg
production curve pattern (Table 7, Figure 2). Treatment
combination means were not significantly different from

each other (Tukey; P > 0.20).

Hinkson et al. (1970) reported a range of floor-reared
pheasants feed consumption from 96 to 111 grams/bird/day.
These values included the feed consumed by the males. Their
means were about 30 grams/bird/day greater than the averages
determined in these experiments. Perhaps Hinkson et al.
(1970) had a feed wastage problem, which is very easy to do

with pheasants.
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Table 19. Average feed consumption of caged adult male
Ring-necked pheasants (in grams consumed/male/

day).
Period Replicate 1 Replicate 2
1 55 57
2 70 63
3 68 69
4 59 67
weighted mean 64 65

There were three (periods 1-3) 28-day periods with the
fourth period lasting for seven days. There were 24
males per replicate. The feed for both replicates 1
and 2 was a commercial pheasant layer-breeder ration.
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Hurwitz et al. (1969) reported that high (4.5 percent)
dietary calcium suppressed feed intake of chicken laying hens
but improved the feed conversion, and lowered the body weight
of the hens. This effect tended to be greater in the presence
of dietary fat. Gleaves et al. (1977) indicated that feed
intake of adult chicken laying hens was not influenced by
dietary calcium. They used dietary calcium levels of 1.8;
3.6; and 5.4 percent. Gleaves et al. (1977) reported these
chicken laying hens which consumed the low-calcium rations
laid eight percent fewer eggs and consumed as much feed as
their better producing counterparts. This would indicate that
in the experiments by Gleaves et al. (1977), that there was
possibly a dietary calcium effect on feed consumption in that
the hens may have attempted to compensate for the low dietary

calcium by consuming more feed.

Adult Bone (Tibia)

1. Percent dry fat-free bone (dffb); in mg dffb/100 mg
tibia.

In Group 1 the caged layers, on the average, had a greater
percentage of dffb than did hens of the second floor experiment
(E3 =71.2 +1.36 and E2 = 66.4 + 0.76) (P < 0.01). No samples
were taken from hens of experiment one.

There was a significant linear response of tibia dffb
to dietary calcium concentration (P < 0.05) in both Groups 1
and 2--see Table 20.

In both Groups 1 and 2 the 1.5 percent dietary calcium

treatments resulted in lower tibia dffb means than the other
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Table 20. Calcium effect on adult pheasant tibia percentage
dry fat-free bone (dffb), in mg dffb/100 mg tibia.

Percent Dietary Group 1 * Group 2 *
Calcium mean + SEM mean + SEM
1.5 63.7 + 2.8°% 63.8 + 1.3
2.1 70.0 1.2P 73.2  1.3°¢
2.7 69.5 1.4° 71.4  1.3°
3.3 72.1  1.8° 76.5 1.3

Means within a column with different superscripts are
significantly different (P < 0.05).

Treatments are defined in Appendix B, Table 1.
Groups 1 and 2 are defined on the Abbreviations and
Symbols page.
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dietary concentrations of calcium. The dffb means from birds
receiving the other levels of higher dietary calcium were
similar to each other in Group 1 but not Group 2 (Table 20).
Using either grouping of the data would indicate the 1.5
percent dietary calcium was not adequate, but that 2.1 per-
cent and greater dietary calcium was adequate, as measured
by the plateau of tibia dffb (Table 20). Dietary phosphorus
was not low enough to affect a change in dffb using either
grouping of the data (Groups 1 or 2).

Shown in Table 21 are the significant treatment combina-

tion averages as determined for Groups 1 and 2.

2. Percent ash in mg ash/100 mg dffb

There was a significant experiment effect in Group 1
on the dffb percentage ash (P < 0.031). These means were:
E2 = 66.0 + 0.4; and E3 = 65.1 + 0.6 percent. These
significant effects of experiments on tibia dffb and the
dffb percentage ash were probably due to chance because
they are opposite each other.

Hinkson et al. (1970) found no differences between
means of dffb percentage ash due to dietary calcium treat-
ments of 0.9; 1.8; 2.5; and 3.7 percent. Their means for
the pheasant hen femur dffb percentage ash ranged from 62.99
through 65.17 percent, which is similar to the values for
ash determined in the present study. King (1978) also found
no difference in the bone ash of the femur and tibia of adult

female pheasants fed rations with calcium at 1.4-3.8 percent.
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Table 21. Effect of various dietary calcium and phosphorus
treatment combinations on the adult pheasant
tibia percentage dry fat-free bone (dffb). Part 1.

=
[

Group 1
Ca:P Treat- % P greater than
Ratio ment mean + SEM 0.20 0.10 0.05
6.6:1 15 73.9 + 3.8
5.5:1 16 73.4 3.6
4.5:1 12 71.5 3.1
6.8:1 10 71.5 1.0
.0:1 13 71.3 4.5
4.2:1 7 70.8 2.4
5.3:1 6 70.7 3.2
8.3:1 14 70.1 5.7
7.0:1 5 69.5 4.3
3.5:1 8 69.1 2.6
5.4:1 11 68.6 5.2
9.0:1 9 66.4 1.4
5.0:1 1 65.2 1.5
2.5:1 4 64.9 1.9
3.0:1 3 64.5 3.8
3.8:1 2 60.3 0.1
*

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

Data are on two pages; Groups 1 and 2 are defined on the
Abbreviations and Symbols page.
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Table 21. Effect of various dietary calcium and phosphorus
treatment combinations on the adult pheasant
tibia percentage dry fat-free bone (dffb). Part 2.

Group 2

Ca:P Treat- % P greater than
Ratio ment mean + SEM . . .
6.6:1 15 77.7 + 3.3

5.5:1 16 76.9 1.7

11.0:1 13 75.8 3.6

8.3:1 14 75.7 2.4

4.5:1 12 74.5 1.9

5.3:1 6 74.0 2.0

5.4:1 11 73.7 3.3

7.0:1 5 73.7 5.3

4.2:1 7 73.2 0.9

6.8:1 10 72.5 2.5

3.5:1 8 71.7 3.4

3.0:1 3 68.2 3.2

9.0:1 9 65.0 4.0

5.0:1 1 63.7 3.5

2.5:1 4 63.0 1.3

3.8:1 2 60.4 3.1

*

Means within the range of a line are not significantly
different for each level of significance.

See notes in Part 1 for other information.
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In both Groups 1 and 2, calcium at 1.5 percent of the
ration resulted in a lower amount of bone ash than the other
calcium treatments (P < 0.0l1), see Table 22.

The calcium by phosphorus interaction (treatment combina-
tion) averages of dffb percentage ash are ranked in Table 23.
For both Groups 1 and 2 the lower (1.5 percent) dietary calcium
treatments resulted in the least dffb percentage ash.

Chambers et al. (1966) reported femur percentage ash
levels of 62.73-71.57 percent, with no difference between
the sexes, which is similar to the data from this study.
Greeley (1962) reported ash percentages of pheasant femurs
and tibias. The femur data was three to four percentage
points greater than that of the tibia (pre-laying hen's femur
was 66.77, and the tibia was 63.54 percent). Final means of
the tibia percentage ash were about 60.5; 60.4; 61.3; 62.4;
and 64.2 percent for dietary calcium levels of 0.37; 0.63;
1.09; 2.01; and 2.34 percent, respectively. These data are
similar, as is the response to dietary calcium, to the tibia
data reported in the present study.

Greeley (1962) stated there was a direct relationship of
ash content in the bone to the amount of calcium in the diet,
and this difference was more evident after 51-53 days than
after 10 days being fed the experimental diets. However,
Chambers et al. (1966) reported no such relationship. Anderson
and Stewart (1973) reported the adult pheasant femur to have
78.7 + 1.61 to 79.6 + 1.16 grams ash/100 grams dry fat-free
bone, which is somewhat greater than the data reported in the

present study in which the tibia was evaluated.
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Table 22. Calcium effect on adult pheasant tibia dry fat-
free bone (dffb) percentage ash (mg ash/100 mg

dffb) .
Percent Dietary Group 1 % Group 2 *
Calcium mean + SEM mean + SEM
1.5 63.2 + 0.62 61.8 + 0.7°2
2.1 66.3 0.3° 66.0 0.7°
2.7 66.0 0.5° 65.6 0.7°
3.3 66.7 0.4° 66.8 0.7°

Means within a column with different superscripts are
significantly different (P < 0.05).

Treatments are defined in Appendix B, Table 1.
Groups 1 and 2 are defined on the Abbreviations and
Symbols page.
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Table 23. Effect of various dietary calcium and phosphorus
combinations on the adult pheasant tibia dry fat-
free bone (dffb) percentage ash. Part 1.

Group 1

Ca:P Treat- % P greater than
Ratio ment mean + SEM 0.20 0.10 0.05
5.5:1 16 67.3 + 0.9

4.5:1 12 67.2 0.9

6.6:1 15 67.2  ---

7.0:1 5 67.0 0.2

6.8:1 10 66.9 0.1

11.0:1 13 66.8 0.9

5.3:1 6 66.3 0.3

4.2:1 7 66.2 1.1

3.5:1 8 65.9 0.2

8.3:1 14 65.7 0.6

5.4:1 11 65.5 0.2

9.0:1 9 64.4 0.8

2.5:1 4 64.3 2.2

5.0:1 1 63.1 1.9

3.0:1 3 62.9 0.6 .
3.8:1 3 62.5 0.9

*

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

Data are on two pages; Groups 1 and 2 are defined on
the Abbreviations and Symbols page.
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Table 23. Effect of various dietary calcium and phosphorus
combinations on the adult pheasant tibia dry fat-
free bone (dffb) percentage ash. Part 2.

Group 2

Ca:P Treat- % P greater than
Ratio ment mean + SEM 0.20 0.10 0.05
11.0:1 13 67.3 + 1.8

6.6:1 15 67.2 1.1

7.0:1 5 67.1 2.3

6.8:1 10 67.0 1.3

5.5:1 16 66.4 1.2

8.3:1 14 66.2 1.5

4.5:1 12 66.3 1.7

5.3:1 6 66.0 1.0

3.5:1 65.7 1.5

5.4:1 11 65.6 1.7

4.2:1 7 65.1 0.9

9.0:1 9 63.5 0.4

3.0:1 3 62.3 2.0

2.5:1 4 62.1 1.0

3.8:1 2 61.6 1.3

5.0:1 1 61.2 2.3

*

Means within the range of a line are not significantly
different for each level of significance.

See notes in Part 1 for other information.
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Branion (1938) (see O'Rourke et al., 1955) stated the
absolute amounts of calcium and phosphorus were important for
optimal growth (of chickens) and for their bone ash; but the
Ca:P ratio could vary from 1:1 to 3:1 with an optimum of 2:1
if the Vitamin D was present at an optimum level. O'Rourke
et al. (1955) could not determine the requirement of dietary
phosphorus for the laying pullet as the practical rations
employed were not sufficiently low in phosphorus to demonstrate
a deficiency. Apparently, that was the case with the adult
pheasants of the present study.

Waibel et al. (1961) reported that 8 through 24-week-old
turkeys averaged 64.8 mg ash/100 mg dffb, which was similar to
the data reported in this trial. They reported a decreased

requirement for calcium and phosphorus with increased age.

3. Ash percent calcium;in mg Ca/100 mg ash

The ash percentage calcium response to dietary calcium
levels was only cubic (P < 0.001) in both Groups 1 and 2.
Basically, this means there was no consistent dose response
of the ash calcium content to levels of dietary calcium (Table
24). 1In both Groups 1 and 2 the hens fed the 2.1 percent
dietary calcium treatments had the lowest concentrations of
calcium in the tibia ash. Even though statistically signifi-
cant, in no case were the means different by more than 1.4
percent. The averages of tibia percent calcium for the treat-
ment combinations are ranked in Table 25. The ranking of
specific treatments were similar for both Groups 1 and 2.

For aired-dried femurs (Chambers et al., 1966) reported calcium
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Table 24. Calcium effect on the adult pheasant tibia ash
percentage calcium (mg calcium/100 mg ash).

Percent Dietary Group 1 % Group 2 ”
Calcium mean + SEM mean + SEM

1.5 37.7 + 0.3P 36.8 + 0.2°

2.1 36.8 0.42 35.9 0.3%

2.7 38.2  0.6° 36.6 0.2°

3.3 37.9  0.5° 36.7 0.2°

Means within a column with different superscripts are
significantly different (P < 0.05).

Treatments are defined in Appendix B, Table 1.
Groups 1 and 2 are defined on the Abbreviations and
Symbols page.
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Table 25. Effect of various dietary calcium and phosphorus
combinations on the adult pheasant tibia ash per-
centage calcium. Part 1.

Group 1
Ca:P Treat- * U_ZU___B_g%g%ggg_Ehg%_Us
Ratio ment mean + SEM . . .
5.4:1 11 38.5 + 1.40
6.8:1 10 38.5 1.30
4.5:1 12 38.3 1.35
5.5:1 16 38.1 1.35
5.0:1 1 38.1 0.95
8.3:1 14 37.9 0.95
6.6:1 15 37.9 0.75
11.0:1 13 37.7 1.50
3.0:1 3 37.7 0.80
2.5:1 4 37.6  0.65
9.0:1 9 37.5 2.15
3.8:1 2 37.3 1.00
3.5:1 8 37.1 1.20
4.2:1 7 37.1 0.75
7.0:1 5 36.9 1.20
5.3:1 6 36.3 0.50 L
*

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

Data are on two pages; Groups 1 and 2 are defined on the
Abbreviations and Symbols page.
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Table 25. Effect of various dietary calcium and phosphorus
combinations on the adult pheasant tibia ash per-
centage calcium. Part 2.
Group 2
Ca:P Treat- % P greater than
Ratio ment mean + SEM 0.20 0.10 0.05
6.8:1 10 37.2 + 0.3 n/a
5.0:1 1 37.1 0.2
5.4:1 11 37.1 0.1
6.6:1 15 37.1 0.1
2.5:1 4 36.9 0.6
8.3:1 14 36.9 0.4
3.0:1 3 36.9 0.4
4.5:1 12 36.9 0.3
5.5:1 16 36.7 0.2
3.8:1 2 36.3 0.1
4.2:1 7 36.3 0.3
11.0:1 13 36.2 0.4
3.5:1 8 35.9 0.9
5.3:1 6 35.8 0.6
7.0:1 5 35.7 0.6
9.0:1 9 35.3 0.2
*

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

See notes in Part 1 for other information.
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levels of 23.77 to 27.31 percent, with no difference between

the sexes. If the estimates of Chambers are converted to the
dffb ash percentage calcium of the present study, the data

are comparable. Anderson and Stewart (1973) reported that

adult pheasant femurs have about 282,400 + 8,200 to 289,100

+ 8,000 micrograms Ca/gram of dry fat-free femur bone, which

is slightly higher than the results of this study. This
difference between the femur data of Anderson and Stewart

(1973) and the tibia data of the present study might be expected

(Greeley, 1962).

4. Ash percent phosphorus; in mg P/100 mg ash

The calcium treatments as determined for Group 1 were not
statistically effective in altering the bone phosphorus levels
(ANOVA, P > 0.164). This trend in Group 1 of the lowest (1.5
percent) dietary calcium treatment resulting in the highest
adult hen pheasant tibia ash percentage phosphorus was signifi-
cant (ANOVA, P < 0.005) in Group 2, see Table 26. The specific
calcium treatment effects were significant, according to the
Bonferroni test of means (Table 26), but these effects were
not consistent between Groups 1 and 2. The treatment combina-
tion averages of tibia ash percentage phosphorus were not
significantly different in Group 1 (P > 0.20), but were in
Group 2 (Table 27). The range of means of Group 1 was: 18.0
+ 1.0 to 19.2 + 0.2 SEM. The relative treatment rankings of
this data were not consistent between the two Groups.

For air-dried frmurs, Chambers et al. (1966) reported the
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Table 26. Calcium effect on adult pheasant tibia ash per-
centage phosphorus (mg P/100 mg ash).

Percent Dietary Group 1 % Group 2 %
Calcium mean + SEM mean + SEM

1.5 19.2 + 0.05° 19.1 + 0.12°

2.1 18.6  0.242 18.8 0.12°

2.7 18.9  0.092 18.9 0.12P

3.3 18.7 0.15% 18.3 0.122

Means within a column with different superscripts are
significantly different (P < 0.05).

Groups 1 and 2 are defined on the Abbreviations and
Symbols page. Treatments are defined in Appendix B,
Table 1.
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Table 27. Effect of various dietary calcium and phosphorus
combinations on the adult hen-pheasant tibia ash
percentage phosphorus (mg P/100 mg ash).

Group 2

Ca:P Treat- % P greater than
Ratio ment mean + SEM 0.20 0.10 0.05
5.0:1 1 19.28 + 0.14

9.0:1 9 19.18 0.24

5.4:1 11 19.13 0.24

3.0:1 3 19.10 0.29

2.5:1 4 19.05 0.48

5.3:1 6 18.98 0.08

7.0:1 5 18.95 0.13

3.8:1 2 18.95 0.05

4.2:1 7 18.90 0.15

4.5:1 12 18.75 0.12

6.8:1 10 18.70 0.25

1.0:1 13 18.55 0.17

3.5:1 8 18.50 0.35

6.6:1 15 18.40 0.22

8.3:1 14 18.25 0.13

5.5:1 16 17.98 0.26 \

*

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

Group 2 is defined on the Appendix and Symbols page.
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phosphorus was 10.84-12.28 percent, with no difference between
the sexes. If this data were converted to the dffb ash per-
centage phosphorus, the two sets of data are similar. Anderson
and Stewart (1973) reported adult pheasant femurs to contain
84,800 + 3,700 to 85,900 + 5,100 micrograms phosphorus/gram
dffb. These data are slightly lower than the results of the
present study.

Salem and Reda (1955) showed, with balance studies, that
body retention of phosphorus was depressed by high calcium
levels in the diet. The data from this experiment apparently
support the findings of Salem and Reda (1955). In these adults
the bone was already formed at the beginning of the experiment
so the final value of bone ash and mineral contents would be
an indicator of the degree of depletion/repletion of the bones
due to egg production. Pheasant hens have the ability to lay
eggs at least sporadically when fed diets with 0.9 percent of
the ration as calcium (Hinkson et al., 1970), but not when

the dietary calcium is 0.63 or 0.37 percent (Greeley, 1962).

Adult Body Weight (as the percentage change)

Body weight change was measured as a percentage of the
initial body weight. Only data combined as Group 1 were used
for the statistical analysis.

Only an experiment effect existed for the adult body
weight percent change (P < 0.001). Only hens of experiment
two showed an overall gain in body weight (change = + 2.4 +
0.11 SEM percent). The overall change of all experiments
was negative 0.4 + 0.4 SEM percent of the initial body weight

(Table 28).
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Table 28. Adult hen-pheasant body weight percentage change
over the 90-day experiment. Data are summarized
by experiment.

Experiment change + SEM*
One (floor) -1.18 + 0.91
Two (floor) +2.35 0.11
Three (caged-layer) -1.46 0.56
Total -0.40 0.44

*
Data are means + SEM over all the treatments of that
replicate.
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The hens in experiments two and three were from the same
parent stock and were kept in the same growing pens. The
statistics only tested the percentage change in body weight
and not actual body weight. No treatment affected a greater
than four percentage point change in body weight (Table 29).

Owings et al. (1977) reported similar negative changes
in chicken S.C.W.L. laying hen's body weight over the experi-
mental laying period.

Likewise, Hinkson et al. (1967) found no effect of calcium
level on overall change in pheasant breeder hen's body weight
at the end of 18 weeks egg production.

In 1970, Hinkson et al. reported all female pheasants
gained weight over the reproductive period during which they
were fed rations with different calcium levels.

Woodard et al. (1977) reported weekly body weights,
through 20-weeks of age, for Chinese and Mongolian Ring-necked
male and female pheasants. The values presented are similar
to the data collected in this study for growing and adult

pheasants.



99

Table 29. Adult hen-pheasant body weight percentage change
over the 90-day experiment. Data are summarized
by treatments over all experiments.

Trt. 4 % % Change No.*
Comb. Pct. D. Ca Pct. D. P mean + SEM hens

1 1.5 0.3 +4.12 + 2.32 38

2 1.5 0.4 -2.58  2.14 35

3 1.5 0.5 -3.44 1.38 39

4 1.5 0.6 +0.15 1.85 35
mean of the 1.5 percent

dietary calcium effect -0.43 0.99 147

5 2.1 0.3 -1.08 2.63 39

6 2.1 0.4 -0.96 1.32 40

7 2.1 0.5 +0.71 1.82 40

8 2.1 0.6 +0.99 2.69 38
mean of the 2.1 percent

dietary calcium effect -0.09 0.95 157

9 2.7 0.3 -0.26 1.31 38

10 2.7 0.4 +0.78 1.93 38

11 2.7 0.5 +1.58 1.72 38

12 2.7 0.6 -2.12 1.89 40
mean of the 2.7 percent

dietary calcium effect -0.03 0.87 154

13 3.3 0.3 +0.86 1.46 38

14 3.3 0.4 -3.12 1.54 39

15 3.3 0.5 -1.88 1.36 40

16 3.3 0.6 +0.03 1.34 40
mean of the 3.3 percent

dietary calcium effect -1.04 0.72 157

Treatment combinations are also defined in Appendix B,
Table 1.

Trt. Comb. represents treatment combination; Pct. D. Ca
represents the percent dietary calcium; Pct. D. P represents
the percent dietary phosphorus; the no. hens represents the
total of the hens left at the end of the 90 days, from all
experiments of the adults experiments (El1, E2, E3).
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Fl Mortality

The Fl mortality is the percentage mortality of chicks
hatched from eggs laid by hens which were fed the different
dietary treatments. The eggs and chicks were pedigreed by
dam and wing banded at the time of hatching. The chicks were
raised through three weeks of age and the number of deaths
were recorded for this time period. Only Group 1 data were
used for this statistical analysis.

One of the more interesting pieces of data from this
research was the significant (P < 0.016) effect of the hen's
dietary calcium concentration on the livability of these chicks
through three weeks of age (Table 30). Chicks from the hens
fed diets with the highest levels of calcium (2.7 and 3.3 per-
cent) had higher mortality than the chicks from the lower
calcium content treatments. Only the mortality of chicks from
hens fed the 3.3 percent dietary calcium treatments was dif-
ferent from chicks whose parents were fed rations with the two
lower calcium concentrations. The chick mortality from hens
fed the 2.7 percent calcium diets was not different from the
mortality of groups of chicks from hens fed any of the other
levels of dietary calcium, (Table 30). No explanation will be
proposed at this time for these results as more work should be

done to determine if this is a true effect.
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Table 30. Effect of dietary calcium on percentage
mortality of offspring of pheasant hens fed
rations with various calcium and phosphorus
concentrations.

Percent Dietary Calcium ™ mean + SEM*
13.3 + 0.92

13.0 1.32

. 15.1 0.63P

3.3 16.9 0.9P

*
Means with different superscipts are significantly

different (P < 0.05).

Kk
This is the dietary calcium concentration in the diet

of the dam.

Data is the mortality through three weeks of age.
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STARTER/GROWER DATA

Feed Consumption of Battery-reared Chicks (SC Ic and SG 1lc)

The replicate effect on the feed consumption of battery-
reared chicks was significant (P < 0.012). The four-week
average of feed consumption for the SG Ic replicate was 14.9
and for the SG IIc replicate it was 13.0, both SEM=0.35 grams/
chick/day.

There was a trend for higher dietary calcium to inhibit
feed consumption (P < 0.27) as well as a trend for low dietary
phosphorus to inhibit feed consumption (P < 0.07) of these
battery-reared chicks. These averages +SEM of feed consump-
tion as summarized by the level of dietary calcium were: 0.6
percent = 14.440.8; 1.2 percent = 14.0+0.9; and 1.8 percent =
13.3+41.2 grams/chick/day. Averages +SEM for the dietary
phosphorus effect were: 0.4 percent = 13.3+0.82; and 0.6 per-
cent = 14.540.61 percent. Table 31 shows this data as evaluated
by the Bonferroni t-test of means.

As shown in Table 31, at the 0.4 percent level of dietary
phosphorus, the two higher levels of calcium inhibited feed
intake. This inhibition was not evident with 0.6 percent dietary
phosphorus. From this data (Tables 31 and 32) there was obviously
a relationship between a wider Ca:P ratio, the level of available
phosphorus in the ration and the resulting levels of feed intake.
These relationships were exhibited in the significant interaction
(P < 0.02) effect of calcium and phosphorus on feed consumption
of these pattery-reared chicks (Tables 31 and 32). The specific

ratio of Ca:P may have had a more pronounced effect on consump-
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Table 31. Dietary calcium by phosphorus interaction effect

on the feed consumption of battery-reared pheas-
and chicks through four-weeks of age. Data are
in grams/bird/day.

Percent Dietary Phosphorus

Pct. D. Ca** 0.2 0.4 0.6 mean*
0.6 6.6 15.4 + 0.7 13.5 + 0.5 14.4P
1.2 5.3 126 0.1 15.5 0.3 14.0°
1.8 5.8°% 12,1 1.2 14.6 1.2 13.32
mean” 5.9°%% 13,32 14.5P
*

*%

Fkk

Means within a column or row with different superscripts
are significantly different (P < 0.05).

Pct. D. Ca represents percent dietary calcium.
Not used in the statistical analysis.
Data are means + SEM, of replicates SG Ic and SG IIc.

These replicates are defined on the Abbreviations and
Symbols page.
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Table 32. Effect of various dietary calcium and phosphorus
combinations on the feed consumption of battery-
reared pheasant chicks through four-weeks of age.
Data are in grams/bird/day.

Caip Treat- mean + SEM" P greater than
Ratio ment 0.20 0.10 0.05
2.0:1 6 15.5 + 0.32

1.5:1 2 15.4 0.74

3.0:1 9 14.6 1.17

1.0:1 3 13.5 0.53

3.0:1 5 12.6 0.14

4.5:1 8 12.1 1.17

3.0:1 1 -—---

6.0:1 4 -———-

9.0:1 7 ----

*

Means within the range of a line are not significantly
different for each level of significance. Treatments are
defined in Appendix B, Table 1.

The statistical analysis did not include treatments 1, 4,
or 7.



105

tion than the absolute levels of dietary calcium or phosphorus.
Treatment one (0.6 Ca:0.2 P) of the second floor replicate

had three birds left for ashing at the twelfth week, but all

other starter-grower replicates of this treatment only lived

until about the fourth week of age. Therefore, not all the

0.2 percent dietary phosphorus treatments were as anorectic

(all were rachitic) as they appeared.

Comparisons of Starter-, Grower-, and Flight-Aged Bird's Feed
Consumption (SG IF, and SG IIF replicates, only)

Totals of starter (day old-6 week), grower (7 wk-12 wk),
and flight (13 wk-16 wk) feed consumed included neither treat-
ments one, four, or seven, nor data from the caged chicks.

For the replicate effect on feed consumption through 16-
weeks of age, the means found to be statistically different
from each other (P < 0.038). These means were: SG IF = 38
grams/chick/day; and SG IIF = 42 grams/chick/day.

Over the course of the 16 weeks of the experiments, many
factors could be responsible for this difference. Possible the
colder weather the chicks of the second floor replicate were
reared in played a role in this overall difference in feed
consumption means. Also, the chicks of SG IF were from a dif-
ferent source than the chicks of SG IIF. There was a trend
toward high dietary calcium and low dietary phosphorus inhibi-
tion of feed consumption of battery-reared chicks according to
the ANOVA F-statistic. 1In contrast to the battery-reared chick
data, high dietary calcium (Table 33) levels resulted in a
significant decline (P < 0.045) in feed consumption over 16-

weeks. The dietary available phosphorus effect again approached
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Table 33. Effect of dietary calcium on feed consumption of
growing pheasants. Data are in grams consumed/

bird/day.

Percent Dietary Calcium mean + SEM™
0.6 42.5 + 3.82
1.2 41.6 4.02
1.8 36.4  3.4P

Means with different superscripts are significantly different
(P < 0.05).

Data from treatments 1, 4, and 7 were not included in the
statistical analysis due to the nearly total mortality of
chicks fed these rations. Treatments are defined in
Appendix B, Table 1.

Data are means of feed consumption over the sixteen weeks
of the experiment. Data are from only the floor-reared
replicates (SG IF, SG IIF).
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significance for this floor-reared chick data (P < 0.08). The
Dunnett t-test was used to evaluate these specific feed con-
sumption means because there were not enough degrees of freedom
to use the Bonferroni t-test. Overall means +SEM for the
dietary phosphorus treatments were: 38.4 + 3.0 and 41.9 + 3.0
grams consumed/chick/day, for phosphorus levels of 0.4 and 0.6
percent of the diet, respectively.

High calcium and low phosphorus rations (wide Ca:P ratios),
as defined in the textbook by Scott et al. (1978), possibly
resulted in a depressing effect on the feed intake (Table 34)
of these floor-reared pheasant chicks.

The averages in Table 35 represented the significant
(P < 0.0005) period effect on feed consumption through sixteen
weeks of age. Total feed consumed by period is also listed in
this table. Appendix D, Table 2 is a summary, by treatment, of
the average feed consumption by chicks of these floor replicates
for the three periods. This summary includes treatments one,
four, and seven; but these treatments were not included in any
statistical analysis of feed consumption.

Hinkson et al. (1971), reported that for pheasant chicks
three to five weeks of age, the feed consumption increased
with increasing levels of calcium to 0.9 percent. But there
was no difference between the 0.9 percent treatment and those
through 1.62 percent dietary calcium. Their information differs
somewhat from the data presented in this report.

The pheasant chicks of the present experiments appeared
to be more sensitive to dietary calcium and phosphorus ratios

and levels than the pheasants of Hinkson et al. (1971) or the
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Table 34. Effect of various dietary calcium and phosphorus
combinations on the average feed consumption of
growing pheasants during the starter, grower, and
flight age periods (day-old through 16-weeks of
age). Data are in grams feed consumed/bird/day.

Treatment mean + SEM" P greater than
0.20 0.10 0.05
6 44.2 + 1.9
3 42.8 1.9
2 42.3 1.9
5 39.1 1.9
9 38.6 1.9
8 34.1 1.9
1 _——
4 _——
7 _——-
*

Means within the range of a line are not significantly
different for each level of significance. Treatments are
defined in Appendix B, Table 1.

The SEM are the same due to homogenous variance (f-max test).

Data are in grams consumed/bird/day.

The statistical analysis did not include treatments 1, 4,
or 7.
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Table 35. Feed consumption by growing pheasants (in grams),
according to the growth period. Data are in
grams consumed/bird/day.

Period Week Feed, No. total gm. total feed
Consumed of feed pounds/
mean + SEM days consumed bird/period

Starter 1-6 19.6 + 0.6 42 814.8 1.80

Grower 7-12 45.9 1.7° 42 1927.8 4.25

Flight 13-16 55.2 1.3¢ 28 1545.6 3.41

Total 4288.2 9.46

*

Means with different superscripts are significantly different
(P < 0.05).

Starter data are from day-old through six weeks of age;
Grower data are from weeks seven through twelve;
Flight data are from weeks 13 through 16.
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chickens of Nelson et al. (1965) (see Tables 31, 32, 33, 36,
and 37).

Waldroup et al. (1963) indicated that broiler chicks are
more sensitive to the dietary calcium:phosphorus ratio if
the levels of these minerals is low, which in general is what
the results of the present study indicated.

Nelson et al. (1965) found a 4:1 (vs. 2:1 Ca:P ratio)
caused a significant decline in body weight and decreased feed
consumption of chicks. Biely and March (1967) indicated that
up to 1.3 percent dietary calcium was well tolerated by
broilers with no indication of any growth inhibition or de-
crease in feed efficiency.

Scott et al. (1976) listed broiler feed consumption at
11.8 grams/bird/day at one week of age to 135 grams/male/day,
or 110 grams/female/day at eight-weeks of age. The combined
sexes averaged about 90 grams/bird/day at six-weeks of age,

which is about double that of pheasants (Table 35).
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Body Weight (in grams)

1. Day-old through four-weeks of age

Statistical comparisons were made only on data from
replicates SG IF, SG IIF, SG Ic, and SG IIc. Chicks from treat-
ments one, four, and seven also were not evaluated because there
was excess mortality within these treatments, with few survivors.

The numbers reported for the significant replicate, dietary
calcium and phosphorus averages were of negligible quantitative
value because they represented the average between day-old
average weight and the weight of the chick at four weeks of age.
However, a comparison of means within the calcium effect (Table
36) may be of value. The significant calcium effect (P < 0.035)
on body weight averages of day-old and four-week old pheasant
chicks is presented in Table 36.

In Table 37 the initial group average weight at day-old
was 20-22 grams/chick; this weight was with the wing band
included in the total weight of each chick. The four-week old
chick body weights reported in Table 37 are similar to those
reported by Fuentes (1978).

As summarized in this analysis, the replicate effect on
body weight means was significant (P < 0.035). The major
function of this part of the ANOVA was to evaluate the effect
of cage versus floor-rearing of pheasant chicks. The range
extremes of this body weight data are of averages of the floor-
reared chicks. Therefore, this replicate effect was probably
due to chance. The body weight averages for these replicates
were: SG IF = 102.8; SG IIF = 116.8; SG Ic = 115.1; and SG IIc

= 112.6 grams.
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Table 3€. Effect of dietary calcium on pheasant chick's
body weight averages (in grams). Data are the
average between day-old and four-week-old chick
body weights

Percent Dietary Calcium mean + SEM”
0.6 115.4 + 1.602
1.2 110.9 1.60%P
1.8 109.1  1.60°
*

Means with different superscripts are significantly different
(P < 0.05).

Due to homogenous variances (f-max test) all SEM = 1.60.
Data are from all starter/grower replicates except SG IIIc.

Replicates are defined on the Abbreviations and Symbols page,

and the calcium levels are defined by treatment in Appendix
B, Table 1.°

Data from treatments 1, 4, and 7 were not included in the
statistical analysis due to the nearly total mortality of
chicks fed these rations.
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Table 37. The dietary calcium by dietary phosphorus by
period effect on growing pheasant chick's body

weight (in grams).

Period

Percent Dietary

* *
Phosphorus Day-old Four-weeks old

Percentage Dietary Phosphorus by 0

.6 Percent Dietary Calcium

0.4 21.0 +
0.6 21.8

o O

.48 211.0 + 7.7°

.50 208.0 2.6P

Percentage Dietary Phosphorus by 1.

2 Percent Dietary Calcium

0.4 21.3

o

0.6 21.3

o

.3 185.5 5.92
5 215.8 7.0P

Percentage Dietary Phosphorus by 1.

8 Percent Dietary Calcium

0.4 21.5

o

0.6 21.5 0

.3 179.8 9.12
3 213.5 9.9°

Means within a column with different superscripts are
significantly different (P < 0.01).

Data are a summary of body weights from day-old and four-
weeks of age. The body weights of the day-old chicks
included the weight of the wing band.
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The phosphorus effect on body weight average was highly
significant (P < 0.0005). The average body weight of chicks
at day-old and four-weeks of age was lower for the 0.4 percent
(106.7 + 1.3 grams) vs. the 0.6 percent (117.0 + 1.3 grams)
dietary phosphorus treated chicks.

The period effect is a summary of the average body weight
for all chicks at day-old (21.4 + 0.15 grams) and at four-weeks
of age (202.3 + 4.0 grams). Also the phosphorus by period
effect for body weight was significant (P < 0.004) but with the
ten-fold difference in body weights from day-old through four-
weeks of age, these should be significant.

The calcium by phosphorus by period effect was significant
for body weight averages-see Table 37-(P < 0.039) but more
importantly, it re-emphasized the high dietary calcium:low
dietary phosphorus (wide ratio) effect of lowering feed con-
sumption and therefore body weight of these pheasant chicks.

At the 0.6 percent dietary calcium level, the effect of the
level of phosphorus (0.4 or 0.6 percent) on the average chick
body weight was insignificant. With the treatment -combinations
using calcium at 1.2 percent of the ration, the high dietary
calcium: low dietary phosphorus interaction effect on feed
intake was supported by its significant effect (P < 0.002)-

see Table 38-on these body weight means (Tables 31, 33, 36,

37, and 38).

Hinkson et al. (1971) reported the dietary calcium re-
quirement of pheasant chicks for optimum body weight and bone

mineralization at four and five weeks of age to be between
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Table 38. Effect of various dietary calcium and phosphorus
combinations on the growing pheasant body weight

in grams.
Ca:p Treat- mean + SEM” P greater than
Ratio ment 0.20 0.10 0.05
2.0:1 6 118.5 + 2.3
3.0:1 9 117.5 2.3
1.5:1 2 116.0 2.3
1.0:1 3 114.9 2.3
3.0:1 5 103.4 2.3
4.5:1 8 100.6 2.3 ‘ I l
3.0:1 1 -----
6.0:1 4 -----
9.0:1 7 -----
*

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

SEM are the same due to homogenous variance (f-max test).
Data are averages of day-old and four-week old growing
pheasant's body weight in grams.

The statistical analysis did not include treatments 1,
4, or 7. Data are from all starter/grower replicates
except SG 1lllc.
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0.90 and 1.06 percent. Dietary phosphorus was about 0.79 per-

cent in their three studies.

Body Weight through Sixteen-weeks of Age

The replicate averages of pheasant chicks are for body
weights from day-old through 16-weeks of age for starter/
grower floor replicates one and two. Chicks in floor replicate
one gained less body weight as an average, over the course of
the experiments, than did chicks of replicate two. This dif-
ference may have been due to the variation of the chick sources
or to other factors, such as weather, which were discussed
under feed consumption.

Period effects on body weight are summarized in Table 39.
A significant response for the period effect should be expected
because this data is of the rapid growth phase of a biological
system. The larger variation after four-weeks of age was
probably due to the males and females not being separated for
the statistical analysis of body weight.

Woodard et al. (1977) reported the body weights of pheas-
ants from one-through 20-weeks of age. His data on weight
gain were similar to those reported in this study. However,
the birds used by Woodard et al. (1977) were fed adequate diets.
Woodard et al. (1977) also reported data for less than optimum
dietary protein concentrations and stated that there was a sub-

sequent decline in body weight.
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Table 39. Body weight averages (in grams) for pheasants
at day-old through sixteen-weeks of age.

Time Period mean + SEM*
Day-old 21.7 + 0.2
4-weeks of age 197.9 5.8
8-weeks of age 528.6 15.8
12-weeks of age 908.3 17.5
16-weeks of age 1062.3 13.2

*
Means at all ages include the weight of the wing band.

Data are from floor-reared replicates (SG IF, SG IIF)
and do not include data from treatments 1, &4, or 7 due
to the nearly total mortality of chicks fed these rationms.
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In the present study, when using rations with similar
levels of calcium and phosphorus (low Ca:P ratios) there was
essentially no difference between the effect of the two higher
dietary levels of phosphorus on body weights (Table 38). As
the Ca:P ratio widened, the chick apparently required a higher
dietary level of phosphorus to maintain a higher (optimum)
body weight. Waldroup et al. (1963) reported similar results
for broiler chicks. They found that the calcium:phosphorus
ratio significantly affected the body wéight gains and feed

utilization of those chicks.
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Starter/Grower Tibia Measurements

1. Two-week-o0ld Pheasant Chicks
These data are from tibiae taken from two-weeks-old
pheasant chicks. Data are from all replicates and all treat-

ments.

Tibia dry fat-free bone (dffb)

The dietary calcium treatments had no effect on the
amount of tibia dffb, but the low dietary phosphorus treated
chicks consistently had a much lower concentration of dffb
when compared relative to all calcium levels. The ranking of
individual treatment combination means are shown in Table 40
and help to illustrate this point. The phosphorus effect was
linear (P < 0.01) for the range of dietary phosphorus studied
(see Table 41). The same relationship between dietary calcium
and phosphorus combinations existed for this dffb as it had
for all other parameters (see Tables 31, 32, 34, 38, 42, and
43). The treatment combination rankings exhibited in Table 40
of the effectiveness of the various treatment combinations was
rather constant over all parameters studied. Treatment 6 was
usually the most effective, followed by treatments 9 and 2, and

then always 5 and 8, for most parameters.
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Table 40. Effect of various dietary calcium and phosphorus
combinations on the two-week-o0ld pheasant chick
tibia percentage dry fat-free bone (dffb).

Ca:p Treat- mean + SEM” P greater than

Ratio ment 0.20 0.10 0.05

2.0:1 6 51.6 + 3.2

1.5:1 2 50.4 3.6

3.0:1 9 50.2 2.6

1.0:1 3 47.5 2.9

4.5:1 8 42.9 2.7

3.0:1 5 42.6 1.2

3.0:1 1 36.8 2.3

9.0:1 7 36.4 2.4

6.0:1 4 36.0 2.2

st

Means within the range of a line are not significantly
different for each level of significance.
are defined in Appendix B, Table 1.

Data are from all replicates (floor and battery-reared)

and from all treatments.

Treatments
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Table 41. Effect of dietary phosphorus on the two-week
old pheasant chick's tibia percentage of dry
fat-free bone (dffb). Data are in mg dffb/
100 mg tibia.

Percent Dietary Phosphorus mean + SEM*
0.2 36.4 + 1.30%
0.4 45.3 1.30P
0.6 49.8 1.30°
*

Means with different superscripts are significantly different
(P < 0.05).

Data include all starter/grower replicates and treatments.
Because of homogenous variance (f-max test) all SEM=1.30.
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Treatment combination calcium and phosphorus ratios and

levels are defined in Appendix B, Table 1.

Dry fat-free bone percentage ash

As measured by the ANOVA F-statistic, a higher calcium
concentration of the ration tended to have a negative effect
on the dry fat-free bone percentage ash (P < 0.064). As can
be seen in Table 42, of the calcium effect (Bonferroni test
was sig. P < 0.05) was probably due to the very low value for
treatments.seven and eight (1.8 Ca:0.2P, and 1.8 Ca:0.4 P,
respectively). Therefore, this tendancy for a calcium effect
on dffb percentage ash was possibly more a result of the wider
Ca:P ratio than a specific calcium effect on the bone ash.

The phosphorus effect was highly significant due to the very
low values for the 0.2 percent dietary phosphorus treatments
(Tables 42 and 43). The specific rankings of the treatment
combinations of Table 42 are in Table 43. All remaining birds
in these 0.2 percent phosphorus treatments (except a few in
treatment one of the second floor replicate) were dead within
two-weeks post-treatment. All chicks that were fed diets with
0.2 percent dietary phosphorus were anorectic and rachitic.
The reason data from the second week were collected was because
so many chicks fed these 0.2 percent dietary phosphorus treat-
ment combinations had died prior to that time. The calcium by
phosphorus interaction was also significant (P < 0.002) due to
these same low values (Table 42). The phosphorus effect on

dffb percentage ash was more pronounced as the Ca:P ratio



123

Table 42. Dietary calcium by phosphorus interaction effect
on the two-week old pheasant chick's tibia dry
fat-free bone (dffb) percentage ash (mg ash/100

mg dffb).
Percent Dietary Phosphorus
Pct. D. Ca** 0.2 0.4 0.6 mean’
0.6 38.9 + 0.6 54.9 + 0.9 52.1 + 1.7 48.6b
1.2 37.9 1.4 50.5 1.6 58.4 0.5 48.9b
1.8 35.7 1.2 47.4 2.1 56.1 1.1 46 .43
mean” 37.52 50.9P 55.5¢

Means within a column or row with different superscripts are
significantly different (P < 0.05).

*%
Pct. D. Ca represents percent dietary calcium
Data are mean + SEM. Treatments are defined in Appendix B,
Table 1.

Data are from all starter/grower replicates, as defined on
the Abbreviations and Symbols page.
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Table 43. Effect of various dietary calcium and phosphorus
combinations on the two-week old pheasant chick's
tibia dry-fat-free bone percentage ash.

Ca:p Treat- mean + SEM* P greater than
Ratio ment 0.20 0.10 0.05
2.0:1 6 58.4 + 0.53

3.0:1 9 56.1 1.10 I

1.5:1 2 54.9 0.86 l

1.0:1 3 52.1 1.67 l

3.0:1 5 50.5 1.56

4.5:1 8 47.4  2.12

3.0:1 1 38.9 0.55

6.0:1 4 37.9 1.44

9.0:1 7 35.7 1.16

*

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

Data are from all starter/grower replicates (floor- and
battery-reared) and from all treatments.
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widened; also see Waldroup et al. (1963).

For three-week old cockerels, Christmas and Harms (1978)
found tibia ash values of about 39-41 percent, depending on
the dietary treatment. Branion (1938) (see O'Rourke et al.,
1955) concluded that the ratio of dietary calcium to phosphorus
was not of prime importance to the growing chicken when vitamin
D4 and reasonable levels of calcium and phosphorus were in the
ration. With adequate vitamin D3 the Ca:P ratio could vary
from 1:1 to 3:1 with an optimum of 2:1. However, the absolute
amounts of calcium and phosphorus were important for optimal
growth and bone ash. The results of this study agree with
these other reports.

Nelson et al. (1965) also found a Ca:P ratio effect on the
percentage of chick bone ash. They reported ash means of about
33-41 percent for the 2:1 ratios and 20-43 percent for the 4:1
Ca:P ratios for various phosphorus supplements which is similar
to but lower than the results of the present study.

Wilcox et al. (1955) reported that four-week old poults
had tibia bone ash values of 43.41 and 43.37 percent for practical
type rations with 0.8 or 1.0 percent total phosphorus and 2.0
percent dietary calcium. The ash values that resulted from
feeding the purified rations ranged from 24.95 to 47.99 percent.
The data of Wilcox et al. (1955) were from different experiments

and are comparable to the data of the present study.
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Ash percentage calcium

Only the replicate means of the ash calcium content of
these two-week-old chicks were significantly different (P <
0.024) from each other (Table 44). Only the range extremes of
these replicate means were significantly different from each
other. The floor-reared chicks average ash percentage calcium
was lower than that of their caged counterparts (35.18 + 0.08
and 36.2 + 0.34 SEM percent, respectively).

The treatment combination averages, as summarized by the
calcium by phosphorus interaction, were not significantly
different from each other (P < 0.05); all these values were

between 35-36 mg Ca/1l00 mg dffb (Table 45).

Ash percentage phosphorus

For the significant replicate effect (P < 0.005) on
pheasant chick tibia ash percentage phosphorus, the SG Ic
chicks had the greatest amount of phosphorus (20.6 mg P/100
mg ash). All other replicate effect means were 19.8 or 19.9
mg P/100 mg ash.

The significant calcium (P < 0.001) and phosphorus (P <
0.001) effects may be better visualized by looking at Tables
46 and 47. Shown on these tables are the treatment combina-
tion means of the calcium and phosphorus interaction, either
summarized by dietary mineral level or ranked according to their
effect on the ash percentage phosphorus. The low (0.6 percent)
dietary calcium treatments all had the higher ash percentage

phosphorus in their respective dietary phosphorus catagories.
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Table 44. Growing pheasant's tibia ash percentage calcium
(mg calcium/100 mg ash). Data are summarized by

replicate.

Starter/Grower %
Replicates mean + SEM
First floor 35.2 + 0.32
Second floor 35.0 0.42
First battery 36.9 O.4b
Second battery 35.8 O.Sab
Third battery 35.9 O.Zab

*
Means with different superscripts are significantly different

(P < 0.05).

Replicates are defined on the Abbreviations and Symbols page.
Data are from all replicates and all treatments at two-weeks
of age.
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Table 45. Effect of various dietary calcium and phosphorus
combinations on the two-week o0ld pheasant chick's
tibia ash calcium concentration (mg calcium/100

mg ash).

Ca:p Treat- % P greater than
Ratio ment mean + SEM 0.20 0.10 0.05
9.0:1 7 36.1 + 1.20 n/a n/a
1.5:1 2 36.1 0.32

3.0:1 9 35.9 0.40

4.5:1 8 35.9 0.40

3.0:1 5 35.8 0.41

3.0:1 1 35.6 0.37

6.0:1 4 35.5 0.64

1.0:1 3 35.4 0.83

2.0:1 6 35.4 0.50

*

Means within the range of a line are significantly different
for each level of significance. Treatments are defined in
Appendix B, Table 1.

Data are from all starter/grower replicates (floor- and
battery-reared) and from all treatments.
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Table 46. Dietary calcium by phosphorus interaction effect
on the two-week old pheasant chick's tibia ash
percentage phosphorus (mg P/100 mg ash).

% Percent Dietary Phosphorus

Pect. D. Ca* 0.2 0.4 0.6 mean*
0.6 20.0 + 0.2 20.7 + 0.2 20.6 + 0.3 20.4%
1.2 19.3 0.5 20.1 0.1 20.3 0.2 19.9P
1.8 19.4 0.2 19.9 0.1 19.9 0.2 19.7P
mean 19.62 20.2P 20.3P

Means within a column or row with different superscripts are
significantly different (P < 0.05).

Treatments are defined in Appendix B, Table 1.
Data are from all starter/grower replicates.

*

Pct. D. Ca represents percent dietary calcium.

Data are means + SEM.

Replicates are defined on the Abbreviations and Symbols page.
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Table 47. Effect of various dietary calcium and phosphorus
combinations on the two-week old pheasant chick's
tibia ash phosphorus concentration (mg phosphorus/
100 mg ash).

Ca:p Treat- % P greater than

Ratio ment mean + SEM 0.20 0.10 0.05

1.5:1 2 20.7 + 0.16

1.0:1 3 20.6 0.29

2.0:1 6 20.3 0.19

3.0:1 5 20.1 0.09

3.0:1 1 20.0 0.17 !

4.5:1 8 19.9 0.10

3.0:1 9 19.9 0.14

9.0:1 7 19.4 0.22

6.0:1 4 19.3 0.51

*

Means within the range of a line are not significantly different
for each level of significance. Treatments are defined in
Appendix B. Table 1.

Data are from all starter/grower replicates (floor- and battery-
reared) and from all treatments.
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As the level of dietary calcium was increased to 1.2 percent
and 1.8 percent within each level of dietary phosphorus, the
bone phosphorus declined. The effect of dietary calcium on
the ash percentage phosphorus was linear (P < 0.05). This
phenomenon was also consistent for the two-week old chick's
data, not 2-12 wk data.

2. Two- and four-week old chick bone values for replicates

SG IF; SG IIF; SG Ic; and SG IIIc.

Tibia percentage dry fat-free bone (dffb)

The 0.2 percent dietary phosphorus treatments (1, 4, 7)
were not included in the statistical analysis for any of the
data in this section because of missing data from these groups.

Chicks fed the 0.4 percent phosphorus rations had less
dffb (P < 0.027) than did the chicks fed the 0.6 percent
phosphorus rations (47.9 + 1.3 and 51.2 + 1.5 percent, respec-
tively). This indicated that 0.4 percent dietary phosphorus
was not adequate over all levels of calcium fed, for optimum
dffb.

The tibia percentage of dffb at two weeks of age (48.2 +
1.5 SEM) was similar to that at four weeks of age (50.9 + 1.0
SEM) (P < 0.05), but less when compared to the eight-week old
floor-reared chicks tibia percentage dffb (Table 52).

The calcium by phosphorus interaction was significant
(P < 0.015). These treatment combinations are ranked in Table
48. The chicks tended to deposit minerals in the skeleton in

adequate quantity only if the Ca:P ratio was low and if a
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Table 48. Effect of various dietary calcium and phosphorus
combinations on the two- and four-week old pheas-
ant chick's tibia percentage dry fat-free bone
(mg dry fat-free bone/100 mg tibia).

Ca:p Treat- % P greater than

Ratio ment mean + SEM 0.20 0.10 0.05

3.0:1 9 53.3 + 2.3

1.5:1 2 51.8 2.4

2.0:1 6 51.5 1.9

1.0:1 3 48.8 2.0

3.0:1 5 46.0 1.9

4.5:1 8 45.8 1.9

3.0:1 1

6.0:1 4

9.0:1 7

*

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

Data are from all starter/grower replicates except SG
Data from treatments 1, 4, or 7 were not used for
the statistical analysis.

Ilc.
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certain minimum amount of phosphorus was available in the diet.
The Ca:P ratio apparently plays a role in determining that
minimum level.

As can be seen in Table 48, treatments two and six re-
sulted in very similar tibia dffb. Specific treatment com-
bination calcium and phosphorus levels and ratios are defined
in Appendix B, Table 1.

Treatment three was less effective in the deposition of
bone minerals than treatments two, six, or nine; but was more
effective than treatments five and eight. These differences
were not statistically significant, see Table 48, but were
consistent for these measurements (Tables 40, 48, and 53).
Evidently a Ca:P ratio of greater than 1l:1 was needed by
pheasant chicks for maximum bone development. The response
of the two- and four-week-old chicks to wide Ca:P ratio treat-
ments, as measured by the chick dffb and ash, are generally as
reported in this study for the two-week through 12-week-o0ld
chicks (Tables 40, 43, 48, 49, 53, and 54).

Dry fat-free bone percentage ash (from two-and four-week of age
chicks).

Chicks fed the rations with the 0.4 percent level of
phosphorus had less bone ash than those fed rations with the
0.6 percent phosphorus level (P < 0.002). These means were
54.2 + 1.5 percent and 58.7 + 0.9 percent, respectively.
Similarly, chicks at two weeks of age had less bone ash than
those at four weeks of age (P < 0.005); these means were:
52.2 + 1.3 and 60.0 + 0.6 percent, respectivly. By two-weeks

of age, the bone was not completely calcified but by four to
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eight weeks of age the adult levels of the percentage dffb

and ash had been reached (see Table 52 for the floor-reared
chick data); which indicated that full mineralization had
occurred. In each set of tibia data, the values from the
younger chicks were more variable and more responsive to die-
tary mineral levels than when the chicks were eight to twelve
weeks of age. The phosphorus by period interaction showed a
strong trend toward significance (P < 0.054). The averages

of treatment combinations are shown in Table 49. This calcium
by phosphorus interaction was not significant (P < 0.12).

Sunde and Bird (1956) have reported similar bone ash
values for four-week old pheasant chicks. For total dietary
phosphorus levels of 0.66, 0.76, 0.86, 0.96, 1.06, 1.16, and
1.46 percent, they reported percent bone ash averages of 37.92,
45.71, 49.20, 52.93, 51.74, 51.76, and 51.94 percent, respec-
tively. The dietary calcium level was 1.51 percent.

Biely and March (1967) reported tibia dffb percentage ash
values for six or seven-week o0ld broilers that were slightly
less (about 45-48 percent) than the data from the pheasants of
the present study. Anderson and Stewart (1973) reported juve-
nile pheasant's femurs to have 64.9 + 8.57 to 81.6 + 1.29 grams
ash/100 grams dry fat-free bone, which is somewhat greater than

the data reported from this study.

Ash percentage calcium (from two- and four-week of age chicks)

Only the replicate effect was significant (P < 0.0005).
The first battery replicate averaged 36.96 + 0.18 percent;

while the second battery replicate averaged 35.08 + 0.19 per-
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Table 49. Effect of various dietary calcium and phosphorus
combinations on the two- and four-week old
pheasant chick's tibia dry fat-free bone (dffb)
percentage ash (mg ash/100 mg dffb).

Ca:p Treat- % P greater than

Ratio ment means + SEM - 0.20 0.10 0.05
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.04
.35
.88
.26
.94
.72

*

Means within the range of a line are not significantly
different for each level of significance.

are defined in Appendix B, Table 1.

Data are from all starter/grower replicates except SG
IIc. Data from treatments 1, 4, or 7 were not used for

the statistical analysis.

Treatments
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cent which was about the midway point between the averages of
the two floor replicates (SG IF = 34.74 + 0.18; SG IIF =
35.62 + 0.21). The 35 percent value was constant for all
averages of the growing pheasant ash percentage calcium
(Table 44); and similar to the adult levels (Table 24).

The Ca:P interaction was not significant (P = 0.05).

Ash percentage phosphorus (from two- and four-week old chicks)

The percentages of calcium and phosphorus in the ash did
not show a period effect. The best ratio of the calcium by
phosphorus interaction effect on percentages of ash phosphorus
(Table 50) was approximately 2:1.

The lowest dietary calcium level (0.6 percent) resulted
in the highest (P < 0.01) chick tibia ash percentage phosphorus
(Table 51). The calcium concentration had a linear (P < 0.05)
effect on the ash percentage phosphorus (Table 51). These data
agree with previously discussed two-week old pheasant chick
data of this study (Table 46) and the results of balance studies
of Salem and Reda (1955). Salem and Reda (1955) showed that
body retention of phosphorus was depressed by high dietary
calcium. The adult bone of this study showed the same relation-

ship between dietary calcium concentration and bone minerals.

3. Two-, Four-, Eight-, and Twelve-week old Pheasant Chick
Tibiae Values for Replicates SG IF, and SG IIF

There was not sufficient data for the 0.2 percent dietary
phosphorus treatments (1, 4, 7) to be included in the statis-

tical analysis.
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Table 50. Effect of various dietary calcium and phosphorus
combinations on the two- and four-week old pheas-
ant chick's tibia ash percentage phosphorus (mg
P/100 mg ash).

Ca:p Treat- % P greater than
Ratio ment mean SEM 0.20 0.10 0.05

I+

1.5:1 2 20.5 + 0.18
1.0:1 3 20.5 0.24
2.0:1 6 20.3 0.15
3.0:1 9 19.9 0.11
4.5:1 8 19.9 0.11
3.0:1 5 19.8 0.08
3.0:1 1 -——-—-
6.0:1 4 -——--
9.0:1 7 -——-

Means within the range of a line are not significantly
different for each level of significance. Treatments are
defined in Appendix B, Table 1.

Data are from all starter/grower replicates except SG Ilc.
Data from treatments 1, 4, or 7 were not used for the
statistical analysis.
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Table 51. Effect of dietary calcium on pheasant chick
tibia ash percentage phosphorus.

Percent Dietary Calcium mean + SEM”
0.6 20.5 + 0.14%
1.2 20.1 0.10°
1.8 19.8 0.07°
*

Means with different superscripts are significantly
different (P < 0.05).

Data are from two- and four-week old pheasant chicks.
The means represent mg phosphorus/100 mg ash.
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Tibia percentage dry fat-free bone (dffb) (Two- through Twelve-
week Data).

The ANOVA F-statistic indicated that floor replicate one
had a lower (P < 0.025) dffb percentage of total bone than
floor replicate two (56.0 + 1.9 SEM vs. 60.0 + 2.2 SEM percent,
respectively).

The phosphorus effect on tibia percentage dffb approached
significance (P < 0.056). The trend was for the chicks fed
the 0.4 percent dietary phosphorus treatment to have less dffb
as a percentage of the total bone than those fed the diets with
0.6 percent phosphorus (56.2 + 2.1 and 59.6 + 2.1 SEM percent,
respectively).

The significant (P < 0.0005) period effect was because
the first readings were from two-weeks of age, then at four-,
eight-, and twelve weeks of age (Table 52).

Feeding treatment six (1.2 percent Ca:0.6 percent P)
resulted in the highest tibia percentage dffb. Treatments
nine (1.8 Ca:0.6 P), two (0.6 Ca:0.4 P), and three (0.6 Ca:

0.6 P) chicks had a lesser amount of, although not signifi-
cantly different, tibia percentage dffb (Table 53) than treat-
ment six chicks.

Dry fat-free bone percentage ash (Two-through Twelve-week
data).

There was a significant phosphorus effect (P < 0.001)
on the dffb percentage ash. Bones from the 0.4 percent phos-
phorus treatments had less ash than the bones from the 0.6

percent dietary phosphorus treatments (58.6 + 1.2 SEM and
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Table 52. Effect of time on growing pheasant's tibia per-
centage dry fat-free bone (dffb), and the dffb
percentage ash.

mg dffb mg ash”™
Time Period 100 mg tibia 100 mg dffb
2-weeks of age 47.8 + 2.3 53.5 + 1.52
4-weeks of age 53.3 1.52 60.4 0.9°
8-weeks of age 68.6 2.4P 63.0 0.4P
12-weeks of age 62.4 0.5P 62.2 0.4P
*

Means within columns with different superscripts are
significantly different (P < 0.05).

Data are from floor-reared pheasant chicks at two, four
eight, and twelve weeks of age. These replicates are
defined on the Abbreviations and Symbols page.



141

Table 53. Effect of various dietary calcium and phosphorus
combinations on the grower pheasant's tibia per-
centage dry fat-free bone (dffb). Data are mg
dffb/100 mg tibia.

Ca:p Treat- * P greater than

Ratio ment mean SEM 0.20 0.10 0.05

I+

2.0:1 6 61.8 + 4.1
3.0:1 9 59.5 3.4
1.5:1 2 58.0 3.2
1.0:1 3 57.6 3.1
4.5:1 8 55.9 4.4
3.0:1 5 55.5 3.9
3.0:1 1 ——--
6.0:1 4 ——--
9.0:1 7 S

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

Data are from two-, four-, eight-, and twelve-week old
pheasant chicks.

Data from treatments 1, 4, or 7 were not used for the
statistical analysis.
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61.0 + 0.7 SEM percent, respectively).

There was an interaction of the calcium and phosphorus
levels (P < 0.005) on the dffb percentage ash (Tables 54 and
55). The reason why treatment two (0.6 Ca:0.4 P) averages
were consistently different (Dunnet t-test = P < 0.05) from
the other averages at this phosphorus level is not known,
see Tables 42, 49, and 55. However, this could be related
to an altered intestinal absorption due to the imbalanced
Ca:P ratios as described by Scott et al., 1978, who suggested
that the 0.4 percent dietary phosphorus was adequate only at
a low Ca:P ratio (i.e. 1.5 or 2:1).

The highly significant (P < 0.005) period effect (Table
52) can also be explained by the lower ash values for chicks
that are maturing; and subsequently increasing the percentage
of mineralized cartilage as measured by the percentage dffb
and ash of the tibia. The tibia ash concentration had pla-

teaued by four-weeks of age.

Ash percentage calcium

Chicks of replicate one had a lower percentage of tibia
ash calcium (P < 0.003) (35.7 + 0.27) than those of the second
replicate (36.7 + 0.27 percent). Calcium in the bone ash
increased over the four periods (Table 56). After reviewing
the previously discussed data, one would also expect these
values to plateau with maturity, which they did, between four-
and eight-weeks of age.

Anderson and Stewart (1973) reported juvenile pheasant
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Table 54. Effect of various dietary calcium and phosphorus
combinations on the grower pheasant's tibia dry
fat-free bone (dffb) percentage ash. Data are
in mg ash/100 mg dffb.

Ca:p Treat- % P greater than

Ratio ment mean SEM 0.20 0.10 0.05

I+

2.0:1 6 62.3 + 1.0

3.0:1 9 61.2 1.2 l l I
1.5:1 2 60.1 1.2 l I

1.0:1 3 59.4 1.5 l

4.5:1 8 57.9 2.4

3.0:1 5 57.9 2.4

3.0:1 1 -—--

6.0:1 4 -——--

9.0:1 7 -———-

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

Data are from two-, four-, eight-, and twelve-week old
pheasant chicks.

Data from treatments 1, 4, or 7 were not used for the
statistical analysis.
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Table 55. Dietary calcium by phosphorus interaction effect
on grower pheasant chick's tibia dry fat-free
bone (dffb) percentage ash. Data are in mg ash/
100 mg dffb.

Percent Dietary Percent Dietary Phosphorus

Calcium 0.4 0.6 mean*®
0.6 60.1 + 1.2 59.4 + 1.5 59.72
1.2 57.9 2.4 62.2 1.0 60.02
1.8 57.9 2.4 61.3 1.2 59.62
mean” 58.62 61.0°

Means within a column or row with differnet superscripts
are significantly different (P < 0.05).

Treatments 0.2 percent dietary phosphorus (1, 4, and 7)
were not included in the statistical analysis due to the
nearly total mortality of chicks fed these rationms.

Data are from chicks from the two floor-reared replicates
(SG IF, SG IIF) at two-, four-, eight-, and twelve-weeks
of age. Treatments are defined in Appendix B, Table 1.
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Table 56. Effect of time on growing pheasant chick's
tibia ash percentages of calcium and
phosphorus. Part 1.

Period , mg calcium/100 mg ash
2 weeks of age 35.16 + 0.18
4 weeks of age 35.20 0.28
8 weeks of age 37.11 0.18

12 weeks of age 37.37 0.39
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Table 56. Effect of time on growing pheasant chick's
tibia ash percentages of calcium and
phosphorus. Part 2.

Period mg phosphorus/100 mg ash
2 weeks of age 20.16 + 0.14
4 weeks of age 20.07 0.15
8 weeks of age 19.44 0.25

12 weeks of age 19.40 0.18
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femurs to have 243,600 to 277,000 micrograms calcium/gram
dry fat-free bone and 76,900 to 122,900 micrograms phosphorus/
gram dry fat-free bone. These data are similar to the data

from the present study.

Ash percentage phosphorus

According to the ANOVA table, the only significant part
of the analysis was the period effect. The phosphorus of the
bone declined in a linear fashion (P < 0.01) over the 16 week
experimental period (Table 56). However, the range of means

was not different (P > 0.05).
STARTER/GROWER MORTALITY

Day-old through Four-weeks of Age

Data are from all replicates and treatments.

Although not significant, the two floor replicates had
less mortality than did battery-reared chicks (Table 57).
Raising pheasant chicks in battery-brooders, even with
conventional starter diets, is difficult because they are
still a wild species. Their instinctive reaction when
frightened is to try to fly. When in battery-brooders, if
they are frightened, they frequently beat themselves to death
trying to fly out of the six-inch-tall sections. During this
four-week growing period, the chicks would also naturally start
trying their wings and often damage themselves during this
process. Flegal (1978) stated that in a conventional battery-
brooding situation, up to 40 percent of the chicks killed them-

selves in this way.
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Table 57. Percentage mortality of starter/grower chicks
through four-weeks of age. Data are summarized
by replicate.

Starter/grower Percent Number/ Total
replicate mortality  treatment chicks
First floor 36.6 52 468
Second floor 36.6 45 405
First battery 38.9 22 198
Second battery 43.3 26 234
Third battery 45.1 25 225

Data are means, using all treatment. Treatments are
defined in Appendix B, Table 1. Replicates are defined
on the Abbreviations and Symbols page.



149

For these experiments, the batteries were in rooms
which were partially secluded from the main activity areas.
Excreta was not removed until necessary and all unnecessary
work around the birds was avoided, especially as the chicks
grew older. A very minimal number of deaths were due to this
panic-stricken attempt to escape. Some chicks did develop
abscesses on their heads where they were hit on the section
ceiling.

The chicks fed the rachitic rations did not live long
enough to die from head/neck injuries. They died from starva-
tion, primarily. They refused to eat the highly imbalanced
calcium/phosphorus diets (see Appendix D, Table 1, or Table
31 of the text). The MSU diagnostic laboratory determined the
cause of death of these chicks. Hinkson et al. (1971) reported
high (42-487%) mortality due to rickets with lower (0.22-0.58
percent) dietary calcium levels, and dietary phosphorus at
about 0.79 percent. They reported no treatment to have less
than 107 mortality, but their data was confounded with deaths
in all treatments due to mechanical hock damage.

Apparently, the use of higher levels of calcium in the
ration (wider Ca:P ratios) significantly increased the
chick mortality through four-weeks of age. Shown in Table
58 is the mortality as summarized by the dietary calcium level.
The effects of dietary phosphorus (Table 59) were opposite to
and more severe than dietary calcium at the levels used in
these experiments. The response to both calcium and phosphorus

dietary levels was linear (P < 0.05).
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Table 58. Effect of dietary calcium on the percentage mor-
tality of pheasant chicks from all replicates
through four-weeks of age.

Percent Dietary Calcium mean + SEM”
0.6 34.1 + 10.82
1.2 42.0 11.22b
1.8 44.2  10.9P
*

Means with different superscripts are significantly
different (P < 0.05).

Data include the 0.2 percent dietary phosphorus treat-
ments (1, 4, 7) which resulted in nearly total mortality
of chicks fed these ration.



151

Table 59. Effect of dietary phosphorus on the percentage
mortality of pheasant chicks from all replicates
through four-weeks of age.

Percent Dietary Phosphorus mean + SEM*
0.2 96.2 + 3.2%
0.4 14.9 3.1°
0.6 9.2 2.3
*

Means with different superscripts are significantly
different (P < 0.05).

Data include the 0.2 percent dietary phosphorus treat-
ments (1, 4, 7) which resulted in nearly total mortality
of chicks fed these rations.
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Phosphorus at 0.4 percent of the ration was adequate
if dietary calcium was also low (0.6 percent), but rapidly
became a marginal phosphorus level if the dietary calcium
level increased. Phosphorus at 0.2 percent of the ration
was severely anorectic, rachitic and lethal over all calcium
levels used. The effectiveness of the 0.4 and 0.6 percent
phosphorus rations was similar if the Ca:P ratio was kept low
for the lower phosphorus rations. The response to phosphorus
levels was linear and quadratic (P < 0.01). Shown in Table
60 is the ranking of the treatment combinations according to

their effect on the chick mortality through four-weeks of age.
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Table 60. Effect of various dietary calcium and phosphorus
combinations on the percentage mortality of pheas-
ant chicks through four-weeks of age.

Treat-

o
m.
o

P greater than

Ratio ment mean + SEM” 0.20 0.10 0.05
1.5:1 2 6.4+ 2.0

1.0:1 3 7.2 3.6

3.0:1 9 9.2 3.6

2.0:1 6 11.2 5.4

3.0:1 5 14.8 4.9

4.5:1 8 23.4 5.9

3.0:1 1 88.6 9.2 i

6.0:1 4 100

9.0:1 7 100

Means within the range of a line are not significantly
different for each level of significance. Treatments
are defined in Appendix B, Table 1.

Data are from all starter/grower replicates (floor- and
battery-reared) and from all treatments.



SUMMARY

Adult Pheasants

1. For both Groups 1 and 2, calcium at 1.5 percent of
the diet of laying pheasants was not as effective as the three
higher levels of dietary calcium as compared using eggshell
thickness, tibia percentage dry fat-free bone, dry fat-free
bone percentage ash, plasma calcium and phosphorus.

2. Phosphorus minimum or maximum values for adult hen
pheasants were not determined, as measured by egg production.
3. Laying hen pheasants are very adaptable to wide
ranges of dietary calcium and phosphorus levels and ratios,

as judged by egg production.

4. In Group 1, increased dietary calcium concentration
caused a linear decline in egg apparent fertility.

5. High (3.3 percent) or low (1.5 percent) dietary
calcium showed only a tendency to cause an inhibition of egg
production by the pheasant hens.

6. There was a possible relationship between the higher
dietary calcium concentrations and lowered shell membrane
thickness (Group 1).

7. Pheasant hens kept in cages laid a smaller egg than
hens kept in floor pens.

8. As indicated by blood plasma calcium levels, 1.5
or 2.1 percent of the diet as calcium may not be adequate
levels.

9. Mortality of chicks from eggs laid by hens fed the

154
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various treatment combinations was measured. The group of
chicks from the dams that received the 3.3 percent dietary
calcium treatment combinations experienced more mortality
than the groups of chicks whose dams received the 1.5 or 2.1

percent dietary calcium treatment combinations.

Growing Pheasants

1. Available phosphorus at 0.2 percent of the diet,
fed at all dietary calcium levels, was rachitic, anorectic,
and lethal.

2. Phosphorus in the diet at 0.4 percent, and at a
Ca:P ratio or 3:1 or 4.5:1, caused a slight depression in
feed intake and body weight at all ages.

3. Pheasant chick body weight averages fluctuated in
a manner parallel to the chicks average feed intake response
to the various treatment combinations.

4. The same groups of chicks that showed the most
positive response to treatments as measured by feed intake
and body weight were also highest in dry fat-free bone (dffb)
and dffb percentage ash.

5. The maximum response to starter/grower treatment
combinations, as measured by the chick tibia mineralization,
was when there was a small excess of dietary calcium (1.5 to
3:1 vs. a 1:1 ratio of dietary calcium: phosphorus).

6. The highest pheasant chick tibia percentages of dry
fat-free bone (dffb) and dffb percentage ash content resulted

from their eating feed with 2:1, 3:1, or 1.5:1 dietary Ca:P
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ratios, respectively.

7. Mineralization of pheasant chick's tibiae reached
adult levels of mineralization, as measured by the percentage
of dffb, or dffb percentage ash, between four and eight-weeks
of age.

8. Pheasant chick tibia percents calcium and phosphorus
were not readily changed by treatment combinations.

9. Mortality at four weeks of age was least for chicks
fed rations with calcium and phosphorus at 0.6 and 0.4 percent
of the diet, respectively. However, 0.6 percent dietary
phosphorus resulted in the lowest overall mortality (as

summarized over all levels of dietary calcium).



CONCLUSIONS

Adult Pheasants

In this study, adult laying hen pheasants were shown to
require at least 2.1 percent dietary calcium for optimum egg
production.

There was no beneficial influence on these pheasant
hen's egg production from increasing the dietary level of
calcium about 2.7 percent. In addition, 3.3 percent of the
diet as calcium was detrimental to egg apparent fertility
as measured in Group 1.

Based on the criteria studied, a phosphorus deficiency
was not demonstrated in these pheasant laying hens, but 0.4
percent available dietary phosphorus would provide a margin

of safety.

Starter/Grower Pheasants

Available phosphorus at 0.4 percent of the diet was
adequate only with a low Ca:P ratio; in this case, if the
dietary calcium was 0.6 percent. The optimum response by
chicks to dietary treatments, as indicated by the values
for all parameters, was to the treatment combination of 1.2
percent Ca:0.6 percent available phosphorus (treatment 6).
Treatment combinations of 1.8 Ca:0.6 P (treatment 9) and

0.6 Ca:0.4 P (treatment 2) also produced favorable results.
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Appendix A, Table 3. Percent hen-day egg production of Ring-
necked pheasants. Data are + SEM.

.

Ca:P Group 1 Group 2

Ratio Treatment mean + SEM mean + SEM
5.0:1 1 67.5 + 2.3 62.8 + 3.1
3.8:1 2 59.2 1.7 51.4 4.0
3.0:1 3 65.8 3.4 68.4 2.4
2.5:1 4 63.0 2.4 66.0 2.3
7.0:1 5 68.9 2.5 70.1 2.3
5.3:1 6 64.5 2.9 68.9 3.5
4.2:1 7 65.5 2.9 75.1 1.8
3.5:1 8 63.1 3.0 69.6 2.8
9.0:1 9 72.6 2.3 76.5 2.7
6.8:1 10 67.0 3.0 75.3 2.4
5.4:1 11 58.4 2.1 59.5 4.3
4.5:1 12 74.1 1.9 72.2 2.3
1.1:1 13 71.8 1.8 63.8 2.5
8.3:1 14 63.0 2.7 72.9 3.1
6.6:1 15 61.8 2.1 65.6 2.5
5.5:1 16 66.3 2.5 72.9 2.4

Groups 1 and 2 are defined on the Abbreviations and Symbols
page. Means were not significantly different from each
other (P>0.20).

Data are from the last 80 days egg production as summarized
by Group 1. Data are from the nine ten-day periods of egg
production as summarized by Group 2.



APPENDIX B



16l

Table Bl. Ca:P Ratios of Treatment Combinations for Adults.

Percent Percent Dietary Available Phosphorus
Dietary Calcium 0.3 0.4 0.5 0.6
1.5 5:1 3.8:1 3:1 2.5:1
(L) (2) (3) (4)
2.1 7:1 5.3:1 4.2:1 3.5:1
(5) (6) (7) (8)
2.7 9:1 6.8:1 5.4:1 4.5:1
(9) (10) (11) (12)
3.3 11:1 8.3:1 6.6:1 5.5:1
(13) (14) (15) (16)

The treatment numberical designation is in parenthesis.

Ca:P Ratios of Treatment Combinations for Growing

Pheasants.
Percent Percent Dietary Available Phosphorus

Dietary Calcium 0.2 0.4 0.6
0.6 3:1 1.5:1 1:1

(1) (2) (3)

1.2 6:1 3:1 2:1

(4) (5) (6)

1.8 9:1 4.5:1 3:1

(7) (8) 9

The treatment numerical designation is in parenthesis.
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Table B3. Vitamin-Trace Mineral Premixes for Pheasants

Per 10 1bs. Premix

Starter-Grower

Ingredient Maintenance Breeder
Vitamin A, I.U. 6,000,000 8,000,000
Vitamin Dy, I.C.U. 1,500,000" 2,000,000™"
Riboflavin, mg. 4,000 7,000
Pantothenic acid, mg. 8,000 12,000
Niacin, mg. 20,000 24,000
Choline chloride, mg. 400,000 400,000
Vitamin By,, mg. 10 12
Vitamin E, I.U. 3,000 5,000
Menadione sodium bisulfite, mg. 1,500 1,500
Manganese, gm. 54 54
Iodine, gm. 1 1
Cooper, gm. 2 2
Cobalt, gm. .20 .20
Zinc, gm. 25 25
Iron, gm. 18 18

*
There were 750 I.C.U./1lb. starter-grower ration.

*

*There were 800 I.C.U./1b. breeder ration.
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Table B4. Pheasant Rations Used at M.S.U.

PS-75 PG-75 PF-75 PB-75
Calculated Starter Grower Flight Breeder
Analysis 0-6 wks. 6-12 wks. 12 wks-Flight (Pelleted)
Crude protein, % 28.00 22.00 14.00 17.50
Fat, % 2.29 2.80 3.70 3.36
Fiber, 7% 3.34 4.82 5.33 5.10
Calcium, 7% 1.46 1.32 1.30 2.34
Phosphorus, avail, 7% .66 .56 .54 .63
ME, Cal/lb. 1236 1220 1282 1210

ME, Cal/kg. 2725 2690 2826 2668
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APPENDIX C. Analysis of Variance Tables. Groups
are defined on the Abbreviations and

Symbols page.
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Appendix D, Figure 1.
Expected hen-day egg production for
S.C.W.L. laying hens. Reproduced

from the DeKalb Management Guide.
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