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ABSTRACT

A COMPUTERIZED PREDICTION MODEL FOR
EGG PRODUCTION MANAGEMENT DECISIONS

By

James Leslie Dale

The poultry industry is continuing through a period
where producer numbers are declining and number of birds per
farm and capital investment per farm are increasing rapidly.
Large farm egg production complex and egg production con-
tractor managers are wanting more sophisticated and accurate
management tools, particularly tools for planning purposes.,

The purpose of this research was to 1,) test the
hypothesis that egg production, egg size distribution and
mortality could be predicted and 2.) if the hypothesis was
true, to incorporate the prediction equations into a dynamic
simulation model to aid farm managers in their flock
replacement decisions.

Performance records of 210 commercial egg laying flocks
representing about 2,5 million birds were obtained. Infor-
mation such as flock size and numbers of birds per cage
pertaining to each flock was also obtained., Recycled flocks
and flocks with incomplete data input were excluded from the
statistical analyses,

The data were analyzed by the least squares method.

The dependent variables for all analyses were mortality,
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total eggs produced per hen housed, and the total number of
large size, medium sige, small size and undergrade eggs
produced per hen housed,

Initially, the effects of the total number of 28-day
periods of production, starting age of production and flock
size were measured., The results indicated that, generally,
these three independent variables significantly affected the
dependent variables. The data were then adjusted (standar-
dized) for the three independent variables,

A second least squares analysis was undertaken to
measure the effect of five other independent variables and
seven interactions on the adjusted data., The total number
of eggs produced per hen housed and the total number of
small size eggs produced per hen housed were the only depen-
dent variables significantly affected by the independent
variables and interactions of this study.

The results of the statistical analyses were used as
the bases for the development of multiple variable, multiple
regression prediction equations for each of the dependent
variables., The equations were developed to give 28-day,
period by period predictions. The equations that were
developed did not perform satisfactorily and were abandoned.,

The Gavora-Parker-McMillan model for egg production
prediction was introduced at that point. PFollowing their

stated procedure, decreasing lay rate coefficients were
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obtained, The model was slightly modified and tested. The
results were very favorable,

The egg distribution coefficients developed for pre-
dictive purposes were the average distribution rates per
period by strain., The mortality rate for predictive pur-
poses was determined to be a constant rate: an average of
the first three periods of production,

The simulation model developed, using the prediction
equations and the manager's expected cost-revenue relation-
ships, performed very satisfactorily. Like any other
forecasting and planning tool, the results obtained,
compared to actual results, were only as good as the input

data,
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INTRODUCTION

The egg industry in the United States has been and is
expected to continue through a reduction in producer nun-
bers. The same number of birds are being controlled by
fewer and fewer individuals or firms. A recent example of
this is the arrival of the egg production complex; 300,000
or more birds in side-by-side houses of 50,000 or 60,000
birds each.,

The larger production units have lower building and
equipment costs per bird than their smaller predecessors.
However, the overall total investment is greater, possibly
reaching into the millions-of-dollars category.

As total investment increases, the need for accurate
management information that is readily available becomes
more important. This, of course, includes all aspects of
the operation., Paramount, is the need for information on
how the flock will perform. Flock performance then serves
as the base from which overall flock financial performance
is derived.

Generalized cash flow and production simulation models
exist that can be utilized to make flock projections using

a standard production curve given current input-output cost
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relationships. Accounting programs also exist that give an
indication of how the current flock is performing compared
to past or standard flocks. However, in the literature,
there is no program currently available that gives the pro-
ducer an accurate, comprehensive projection of his current
flock's overall performance,

It was the hypotheses of this research that 1.) egg
production, egg size distribution and mortality could be
predicted on a 28-day period by period basis reasonably
accurately using multiple regression equations, and
2,) that a dynamic simulation model could be developed that
would incorporate the prediction equations along with a
flock managers expectations to generate data useful in
making flock management decisions,

Therefore, the objectives of this research were:

1. to determine the factors that affect mortality,
egg production, and egg size distribution based
upon recent commercial flock data (flocks started
and completed in the 1970-1973 period).

2. to develop prediction equations that, on the
basis of 12 weeks of actual data, will project
reasonably accurately, the future patterns of
egg production, mortality and egg size distri-
bution over the remaining periods of production

of the flock.



3.

3
to develop a computer simulator to incorporate
the prediction equations as a function and simu-
late all cost-revenue relationships and flock
financial performance over the remaining periods
of production to help poultry producers in their

flock replacement decision actions.



LITERATURE REVIEW

Bell (1972) reported that "hen day production was
significantly affected by...cage density..." He also
reported that "the four-bird cages had a significantly
higher rate of mortality when compared to the three-bird
cages." Bell's experiment involved 1,120 SCWL birds housed
half in three birds per 12" x 18" cage and half in four
birds per cage (same dimensions).

Adams and Jackson (1970) measured the effect of cage
size and bird density on the performance of six commercial
strains of layers. They found that the differences between
the strains' hen housed egg production were significant,
The birds housed at the lower densities performed better
than the birds housed at the higher densities (less square
inches per bird)., In addition, birds housed at two and
three birds per cage performed better than dbirds housed at
more birds per cage. The effects of cage density, cage
8ize and strain on mortality were mixed with no definite
pattern evolving.

Marks, Tindell and Lowe (1970) reported that signifi-
cant differences in egg production existed between the six

commercial strains under study. They reported that the
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only significant effect of cage density was the 560 day
body weight,

Hill and Binns (1971) measured the effects on the
performance of varying densities and numbers of birds per
cage. They reported that egg production, feed efficiency,
mortality, increased body size and net egg returns tended
to be linearly related to size of cage; the greater the
space per bird, the better the performance.

Plumart, Carlson and Holmquist (1972) housed birds at
552, 414, 331 and 276 square centimeters per bird. This
represented 3, 4, 5 and 6 birds per cage, respectively,

They reported that the 414 cm2

per bird density (4 birds
per cage) was ",,.detrimental to egg production compared to
the other groups..."

Feldkamp and Adams (1973) measured the effects of
rearing relationships, cage size, and bird density on the
performance of two commercial strains of egg-type chickens.
They reported that as the square centimeters per bird
decreased, egg production significantly decreased. Mor-
tality, however, was not significantly affected.

Latimer's and Bezpa's (1970) projections and cash flow
for a 30,000 bird commercial table egg operation utiliged a
"standard" production curve and a "standard" egg size
distribution for calculation purposes. These respective

values were derived from the 1966-67 New Jersey Random

Sample results,
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Ruggles (1971) published a handbook to help North-
eastern poultry producers prepare cash flow projections,
The egg production pattern used a "standard" curve,

The producer would develop his best estimate of egg pro-
duction based on his flock's historical annual dozens of
eggs produced., Egg size distribution was calculated by a
similar procedure.

Bell (1971) published a handbook to help Southern
California poultry producers prepare cash flow projections,
Bell utilized a "typical production curve for White Leghorn
chickens" to project egg production, Egg size distribution
was calculated utilizing a table of typical egg weights
(as a percent) by age of bird.

Muir (1972) developed a computerized cash flow for
market egg farms., The program projected production on the
basis of five input values supplied by the producer. These
values were flock age at the start of production, flock age
at peak production, flock age at the date of sale, flock
peak production level and flock production at the date of
sale., The model used the five points to establish two
linear lines (one increasing and one decreasing) which it
moved along, simulating the egg production level per pro-
duction period. Projections simulated after the flock's
peak production required estimates of egg production at the
date of sale and flock age at the date of sale, The model
established a linear line between the known peak egg
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production and the anticipated ending egg production, It
then simulated the egg production per period and calculated
costs and revenues per production period for the remaining
periods of the flock.

Gavora, Parker and McMillan (1971) applied a mathema-
tical model of egg production originally developed by
McMillan, et al., for predicting egg production in the
"Drosophila Melanogaster" to chickens and turkeys. The
model was described as follows:

N(t) = M (1-e ~5(t-t5)) g-ot
where

N(t) = the number of eggs laid in a 28 day period

M = the potential maximum egg production in a 28

day period

to = the initial age of egg laying

£ = the rate of increase in egg laying

a = the rate of decrease in egg laying

They reported that the @ value was -0.0340 for egg-type
chickens, groups of hens, based on 17 records. When the
formula was applied to one example flock (12,000 birds) the
model explained 96.5 percent of the total variation in egg
production for that flock.

Ruggles (1968), Vincent and Sheppard (1970) and Dale,
Vincent and Sheppard (1974) developed poultry farm manage-
ment game-simulators, Each game functioned somewhat

differently regarding the answers given, However, in the
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area of egg production and egg size distribution, all
three utilized "standard" production curves and egg size
distribution tables. The Dale, et al., model allowed a
limited amount of prediction by asking the player to
specify an estimated yearly average production rate. The
model responded by raising or lowering the "standard" egg
production curve to obtain the desired results.

Bird mortality in all of the above mentioned cash flow
handbooks and programs and simulator games, was calculated
as a constant rate throughout the production cycle.

Latimer and Bezpa (1970), Ruggles (1968), Ruggles
(1971) and Bell (1971) calculated feed requirements for the
flock on the basis of a "standard" amount of feed consumed
per bird per period of production. Dale, et al., (1974)
and Vincent and Sheppard (1970) utilized a formula
incorporating a maintenance level of feed intake and a
variable amount of feed intake directly related to egg pro-
duction, This sum amount was considered to be the amount

of feed consumed per bird per period.



RESEARCH METHODOLOGY

Preface

The flock data that was considered necessary to develop
the prediction equations was available from two sources,
One was from controlled experimental units., The second was
from commercial flocks.,

The decision to select either of the sources was dif-
ficult. If controlled experimental flocks were sampled,
most of the intangible factor of flock-care management
effect may have been removed. However, it was questionable
that enough flocks and birds within flocks could be obtained
to develop credible equations for direct application to
commercial flocks.,

It was believed that if a large cross-sectional sample
of commercial flocks could be obtained, the flock-care
management factor would be reduced to a minimum, In addi-
tion, prediction equations developed from actual commercial
data would be more readily accepted by industry for manage-
ment planning use,

Thus it was determined that as much recent commercial
flock data as possible would be obtained. The periods of
1970-1973 were selected as the sample years, with the
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emphasis on 1972-1973 flocks. The emphasis was on those two
years because of the introduction of Marek's vaccine and
continuing breeder development of improved commercial
strains.

Many organizations were contacted as possible data
sources. The following organizations were most cooperative
and supplied this research with data:

DeKaldb AgResearch, Inc., DeKalb, IL.

Michigan Farm Bureau Services, Inc., Lansing, MI,

Landmark Foods, Inc., Columbus, OH.

Babcock Poultry Farms, Inc., Ithaca, NY,.

Hyline International, Inc., Des Moines, IA.

The first three organizations listed above maintain
up-to-date egg production, egg size distribution and mor-
tality on many commercial flocks as part of their
organizations' business or as a service to their customers.
The other two organizations had limited amounts of data
available,

The actual collection of data from the first three
sources required the researcher to visit their respective
corporate headquarters and physically transcribe data from
28-day period reports to summary forms.

The following information was sought from each set
of records:

1. starting age of egg production,

2. number of birds per cage,
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3, 8tarting month of egg production,

4, windowed or windowless house,

5. commercial strain of layers (e.g., DeKalb),

6. location (state),

7. total number of 28-day periods of production,

8. 8ize of flock, and

9. for each 28-day period of production:

a. mortality (total number of birds),
b. total eggs produced, and
c. egg size distribution.

Information items 1 through 8 were sought because of
their believed possible effect on mortality, total egg
production and egg size distribution.

The information gathered was taken from each set of
records as presented by the records,

It was not possible to obtain square inches per bird
from the record sets surveyed. Number of birds per cage,
however, was obtained and therefore used., The general
assumption was that as the number of birds per cage
increased, the area per bird declined.

The total number of record sets surveyed was 210,
representing more than 2.5 million birds.

Table 1 in Appendix I contains the results of one

surveyed flock's record set.
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Statistical Analysis

Procedures

The start of egg production ranged from 18 weeks to
26 weeks and was coded from 1 to 9 (recycled flocks were
coded 0). The recycled flocks were not included in the
final analyses. Numbers of birdse per cage ranged from two
birds to ten birds. The five or more birds per cage
category was established because of the few number of
records in the individual categories beyond five birds per
cage.

All 12 months were used as starting months. The
months were grouped into quarters (quarter I being January,
February and March) for analytical purposes as a method to
reduce the total number of variables involved.,

Windowed houses were coded as 1 and windowless houses
were coded as 2 for analytical purposes. The data included
both types, however, the windowless was predominate.

Data were collected on seven strains, They were
DeKaldb, Hyline, Babcock, Heisdof and Nelson (H&N),

Shaver, Kimber and Arbor Acres. All strains were egg-type
chickens, No attempt was made to differentiate specific
identifications within the commercial name, Nearly 70
percent of the total sample was accounted for by one
strain, It was difficult to obtain information for some

strains,
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Flocks surveyed were located in seventeen states. The
states were divided into regions for statistical analyses
purposes. The majority of the flocks surveyed were in

region 1, The following was the region break down by state:

Region 1 - East North Central
Michigan Illinois Indiana

Wisconsin Ohio

Region 2 - West North Central

Minnesota Iowa South Dakota
Missouri Wyoming North Dakota
Colorado

Region 3 - Northeast

New Jersey Pennsylvania

Region 4 - Southeast
North Carolina Maryland Virginia

Initially, the data were subjected to least squares
multiple regression, measuring the effects of flock size,
the total number of 28-day production periods and the
starting age on the following dependent variables:
mortality, the total number of eggs per bird housed and the
total number of large, medium, small and undergrade eggs,

per bird housed.
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Based on the significance levels, the data were
adjusted (standardized) to reduce the number of variables
involved in later analyses. The three variables had a
significant or near significant affect on most of the
dependent variables listed. Thus, as a matter of con-
venience, all the data were adjusted before further
analyses. Table 14, Appendix I, presents the ad justment
formula utilized.

The adjusted data were analyzed utilizing the general
least squares multiple regression method. The dependent
variables were again those listed above. The independent
variables were numbers of birds per cage (four groups--2,
3, 4, 5 or more), quarter of start (four groups), windowed
or windowless house, strain, region (four groups--West
North Central, East North Central, Northeast, and Southeast)
and the following selected interactions:

number of birds per cage by quarter of start,

number of birds per cage by strain,

number of birds per cage by region,

quarter of start by windowed-windowless house,

quarter of start by strain,

quarter of start by region,

windowed-windowless house by region, and

strain by region.
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Those interactions that were believed to have no in-
fluence were excluded to facilitate a more manageable matrix
for the analysis,

The variables and interactions having a near signifi-
cant or a significant effect on each dependent variable were
noted., A third general least squares analysis was under-
taken. The dependent variables were the above listed, on a
28-day period by period basis beginning in the fourth
period of production and continuing through period fifteen.
Beyond the fifteenth period, the amount of data was too
small to allow a meaningful analysis. The independent
variables included were those that had a near significant or
significant effect on the dependent variable under study. |
Other independent variables included the summed data for the
dependent variable category through the i-1 period. An
example would be predicting egg production in the fourth
period. The summed data would then be the total number of
eggs produced through the third period. This process was
undertaken to establish a periodized prediction equation for
mortality, egg production, and egg size distribution.

The formula outlined by Gavora, et al., for estimating
the egg production rate of decrease () and potential
maximum monthly egg production was applied to the data
collected. The formula was a log-linear regression

equation as follows:
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lIn N(t) = 1n M-0t
where

N(t) = the number of eggs produced per hen housed in

time period t (28-day period)

M = the potential maximum monthly (28-day period)

egg production per hen housed

a = rate of decrease

t = time period.

The regression was performed on the data in periods
where t > tomax, tomax being the time period (number) of
actual maximum (peak) production.

The analysis was performed on each strain., Analyses on
strain 1, which composed 70% of the data, were done by
quarter of start. The other strains did not have sufficient

amounts of data to allow analyses by quarter of start.

Results and Discussion

When the data were initially collected, recycled flocks
and flocks with no answers to some of the questions (birds
per cage, for example) were included. During the analyses
recycled flocks and those with missing data were not
included., This action reduced the sample size to 163
flocks with a total of 2.2 million birds.

Table 1 presents the minimum, maximum and means of the
data asked for in the initial survey. The average lay rate

of 229.01 eggs, per bird hen housed, in 397 days (14,18
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Table 1., Base statistics on the collected flock data

Item Minimum Maximum Mean

Total number of 28-day

periods of production 8 18 14,18
Starting age (weeks) 18 26 21,18
Flock size (000) 1 41 12.85
Mortality (total percent) 6.8 41,8 17.90
Total eggs per bird housed 119.02 365.99 229,01
Large eggs per bird housed 55.74 234,44 145.07
Medium eggs per bird housed T.7 111.16 49,64
Small eggs per bird housed 22 41,22 10.30

Undergrade eggs per bird housed 3.11 42,69 21,65
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28-day periods) expressed as a percentage, was 57.68
percent, The egg size distribution was as follows:
large eggs were 63,35 percent, medium eggs were 21,68 per-
cent, small eggs were 4.50 percent, undergrade eggs were
9.45 percent and lost eggs (unaccounted, loss eggs, etc.)
were 1,02 percent of those produced. The average mor-
tality rate for the flock data was 1,26 percent per period.
The information in Table 1 was not analyzed by strain.

It was noted that a very wide range existed for some
of the variables. An example was the 246,97 difference in
total egegs produced per hen housed. Similar ranges were
evident for all the items except starting age.

The purpose of the following statistical analysis was
to determine how the data should be ad justed for further
analyses., The effects of the total number of 28-day
periods of production, starting age and flock size (inde-
pendent variables) on mortality, total egg production and
egg size distribution are presented in Table 2. The
regression coefficient and significance level of each
independent variable are listed. The total number of
periods of production had a highly significant (p<.01)
positive effect on all the dependent variables except on
the total number of small size eggs produced per hen housed.
One would expect this type of response due to the increased
production cycle length and the natural response of more

eggs and increased mortality. Since the vast majority of
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small size eggs would be produced in the first few periods
of production, one would also expect the insignificant
effect of a longer production cycle. Recent literature did
not refer to the effects of production cycle lengths on the
dependent variables studied.

Starting age had a mixed effect on the dependent
variables. The delaying of egg production (delaying sex-
ual maturity) seemed to slightly increase the amount of
flock mortality. However, the effect was not significant.
Delaying sexual maturity had a highly significant (p<.01),
positive effect on the total number of eggs per hen housed
and on the total number of medium size eggs produced per
hen housed. However, the starting age did not significantly
affect the total number of large size or small size eggs
produced per hen housed. The negative effect on the number
of undergrade eggs produced per hen housed, as the starting
age increased, was nearly significant (p = .096), Recent
*literature did not refer to starting age and its effects on
the dependent variables.

Increasing flock size had a negative effect on bird
performance. Mortality and the total number of undergrade
eggs produced per hen housed were significantly (p<.05)
increased, The total number of eggs per hen housed, the
total number of large size eggs per hen housed and the
total number of medium sige eggs produced per hen housed

were significantly (p<.05) decreased. Increasing flock
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size also had a negative effect on the total number of small
size eggs produced per hen housed. However, the effect was
not significant (p = .104), Flock size was measured in
1,000 bird increments. Recent literature did not refer to
the effects of flock size on the dependent variables
analyzed.

The purpose of the above analysis was to determine how
the data should be adjusted for further analyses. The
criterion was that if an independent variable had a signi-
ficant or near significant effect on any dependent variable,
the data would be adjusted for that independent variable.
The independent variables met that criterion in most of the
individual analyses. Thus, for ease of handling, all the
data were adjusted for the total number of 28-day periods
of production, starting age and flock size.

As previously mentioned, general least squares was
used to analyze the adjusted data.

Table 3 presents the selection of independent variable
or interaction effect from the least squares analyses,

This table presents the information base for the discus-
sions below from mortality through undergrade eggs.

The information in Table 3 is presented as an i/}
value with a superscript. The i = the number of separate
variables with a significance value of .2 or less. The
J = the total number of separate variables in the group.

The superscript indicates a significant, or a near
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significant influence effect. The determination of
significance was a function of the i/j value and the rela-
tivity of the separate significance values within each
group., Table 13 in Appendix I presents an example of the

determination of the superscript.

e value (variation or causative value)

Mortality. The R
obtained was .48, thus indicating that the independent
variables (region, etc.) and the interactions included,
accounted for less than one half of the variation in mor-
tality. The only independent variable or interaction group
to have a near significant effect on mortality was the
interaction of the number of birds per cage by region,
However, the base independent variables (number of birds per
cage, region) from which the interaction arose were not
statistically significant or near significant., These
findings concurred with those reported by Adams and Jackson
(1970), Marks, et al. (1970) and Feldkamp and Adams (1973).
These findings did not concur with Bell (1972) and Hill and
Binns (1971), each of whom reported significant effects on

mortality due to decreasing area per bird.

Egg production, The variables and interactions of this

study accounted for about 77 percent of the variation (Rz)
in total eggs produced per hen housed.

Region tended to influence total egg production per hen
housed., The regression coefficient indicated that the
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North Central states had a negative effect on total produc-
tion, while the Northeast and Southeast regions had a
positive effect.

The quarter of start of production had a highly signi-
ficant effect on total egg production per hen housed. The
regression coefficients indicated that quarter three (July,
August, September) was the most favorable quarter to start
while quarter two (April, May, June) was the most unfavor-
able,

The number of birds per cage significantly affected
total egg production per hen housed, This concurred with
Bell's (1972) findings. The regression coefficient ranked
the effect of the number of birds per cage as follows (on
the basis of preferential performance): three, two, four
and five or more. These results concurred with Adams and
Jackson (1970), Hill and Binns (1971) and Feldkamp and
Adams (1973). Each of these teams reported that as the area
per bird decreased, egg production significantly decreased.
The reversal of the two and three birds per cage in ranking
in this study tended to counter the above findings.
However, the overall general trend of reduced space per
bird: reduced egg production was intact.

Strain highly significantly affected total eggs
produced per hen housed. This result concurred with the
published reports of Adams and Jackson (1970) and
Marks, et al. (1970).
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Ranking the strains according to regression coeffi=-
cients (most positive coefficient ranked first) established
the following order: 5, 3, 1, 4, 6, 2, and 7.

The region by number of birds per cage interaction
tended to affect total eggs produced per hen housed.
However, the region by quarter of start interaction and the
quarter of start by number of birds per cage interaction had
no effect, These results were somewhat confusing given the
significant effects of their component independent varia-
bles, On the other hand, the quarter of start by strain and
number of birds per cage by strain interactions signifi-
cantly affected total eggs produced per hen housed,

Large eggs. The R2 value of this study was .5 indi-

cating that the independent variables and interactions
accounted for about half of the variation in the total
number of large size eggs produced per hen housed.

No independent variable or interaction significantly
influenced the total number of large size eggs produced
per hen housed. The region by number of birds per cage

interaction had a very slight influence,

Medium eggs, The independent variables and inter-

actions of this study accounted for about 46 percent of
the variation in the total number of medium size eggs

produced per hen housed,
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Region tended to affect the total number of medium
size eggs produced per hen housed, The North Central and
Southeast states had a negative impact while the Northeast
states had a positive impact.

The absence of windows in the house tended to have a
negative effect on the total number of medium size eggs
produced per hen housed. The presence of windows tended to
have a positive effect,

Similar to the total number of large size eggs pro-
duced per hen housed, the region by number of birds per cage
interaction had a slight influence on the total number of
medium size eggs produced per hen housed. Again, the com-

ponent independent variables had no effect.

Small eggs. The independent variables and interactions
of this study accounted for about 52 percent of the varia-
tion in the total number of small size eggs produced per
hen housed.,

Region had a significant effect on this dependent
variable, As with the medium size, the North Central and
Southeast states had a negative impact while the North-
east states had a positive impact on the total number of
small size eggs produced.

The presence or absence of windows had a significant
effect on this dependent variable., The presence of windows
had a positive effect. The absence of windows had a

negative effect.
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The region by number of birds per cage interaction
tended to affect the total number of small size eggs
produced per hen housed. A similar effect was indicated for

the region by windows-windowless house interaction,

Undergrade eggs. The R2 value for this dependent

variable was .58, However, none of the independent varia-
bles or interactions included in this study indicated any
influence on the total number of undergrade eggs produced
per hen housed.

None of the literature searched referred to the inde-
pendent variables that might influence the egg size
distribution studied here, Some of the results of this
study were rather confusing. Particularly the question of
why a specific interaction exhibited tendencies to in-
fluence egg size when its component independent variables
clearly had no influence. Other results tended to follow
the line of commonly accepted knowledge of climatic and
light effects on egg size distribution and egg production,

Regression prediction equations, The next step in the

analytical process was an attempt to establish multiple
variable, multiple regression prediction equations based on
the statistical information obtained., These equations
would be for mortality, total egg production per bird and
egg 8ize distribution per bird. The equations would give

an estimate for each value for each 28-day period from
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period four (assuming peak production in period three)
through the expected number of production periods for a
given flock.

The first equation developed was for total egg pro-
duction per 28-day period, from period four through the
production cycle. The equation was developed by strain by
region, Results of the equation were very poor. The
equation accounted for about 32 percent of the varia-
tion in egg production in period four. The percent of
variation accounted for increased with each period to about
80 percent in periods thirteen and fourteen,

Equations for mortality and individual egg size distri-
bution were also developed. Results of these equations were
similar to those found from the egg production equation,

The percent variation in the dependent variable accounted
for by the equation was very low in period four. However,
as the production cycle progressed, the percent variation

that the equation accounted for increased.

Gavora-Parker-McMillan model, The results of the

multiple regression equations were not acceptable to use for
prediction purposes. At this point, the Gavora-Parker-
McMillan model was introduced to this study. The rate of
decrease of lay from the peak period of production through
the end of production was the concern of this study.

Gavora's, et al., procedure to obtain the rate of
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decrease (o) was followed within each strain, Different o
values for each quarter of start for strain 1 were also
obtained.

Table 4 presents the a values and potential maximum
egg production on a hen housed basis for each strain. The
rate of decrease was the slope of the production curve from
peak production through the end of production., Strain 2
had the least declining rate of production, but also had
the lowest potential peak, On the other hand, strain 4 had
the highest potential peak production, but its rate of
decrease was the greatest,

Gavora, et al., (1971) reported the potential maximum
28-day period egg production to be 26.41 eggs per bird
housed. None of the values from this study were that
specific value, Three of the strains' values were higher
than 26.41 while two values were below that level,

The o value from Gavora's, et al., work was -,034,
All of the a values from this study were more negative.
The closest to Gavora's reported value was the =,051 of
strain 2,

Table 5 presents the o values and potential maximum
production for the four quarters of start for strain 1.
Those flocks started in quarter 2 had the lowest potential
peak, and the least rapid decrease in egg production,
Those flocks started in quarter 1 had the second highest
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Table 4, Potential maximum egg production and rate of
decrease of lay by strain

Rate of
Potential Decrease Number of
Strain® Max1imum® (a) Flocks
2 24,674 -,051 8
3 28,544 -,058 13
4 28.980 -.071 12
5 27.628 -,063 9

8Two strains included in the statistical analyses were
dropped from this analysis due to an insufficient number
of flocks

bHen housed basis
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Table 5., Potential maximum egg production and rate of lay
decrease by quarter of start for strain 1

Rate of
Potential Decrease Number of
Quarter Maximum® (a) Flocks
1 25.421 -.0598 27
2 24,689 -,0467 17
3 25.086 -.0497 35
4 25.866 -,0570 36

aHen housed basis
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potential peak production and the most rapid decline in
egg production.
The prediction equation utilized for this study was
as follows:
P(t) = MAXEG(1 - INC(t))DEC(t)
where
P(t) = predicted eggs per 28-day.period per hen
housed in period t, where t > 4(assume peak
production in period 3)
MAXEG = actual peak production per hen housed
INC(t) = rate of lay increase coefficient for period t
DEC(t) = rate of lay decrease coefficient for period t
Gavora, et al., specified the rate of increase of lay
to be 2,9011 for egg-type chicken flocks. The coefficient

referred to above (INC(t)) was e-2'9o11 (t-to)

y Where t =
current period of production and to = 1, The coefficient
for period four was 1.68110'4. The coefficient for periods
five and forward was set at zero.

The rate of lay decrease coefficient for each period
-a(t=3)

was e , where t = current production period. This
equation was different than its Gavora, et al., (1971)
counterpart. The difference in the formulas correspond to
the great differences in the a values previously discussed.
If the o values found in this research were applied to
Gavora's formula (e'at) to obtain the lay rate decrease

coefficients, erroneous prediction results were obtained.
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These results were rather confusing since Gavora's pro-
cedure, as reported, was duplicated. Thus, the adapted
formula developed by this research was utilized later for
simulation procedures,

Tables 2 and 3 in Appendix I 1list the rate of lay
decrease coefficients for each strain and by quarter of
start for strain 1 for each 28-day period.

The results of the above prediction equation were very
favorable when applied to actual data, It did not predict
accurately the actual 28-day period egg production for
every flock tested. The reason being that every flock was
not an average flock, However, the amount of error was
about the same for each period of production, That is,
if the equation predicted one egg per hen below actual
production for a 28-day period, every period was about one
egg per hen below actual production, Some deviation
occurred from this pattern very late in the production
cycle., The great majority of the differences between pre-
dicted production per hen housed and actual production per
hen housed per 28-day period ranged from virtually zero
eggs per hen to about 1.5 eggs per hen, Table 12 in Appen-
dix I offers some examples of actual results,

The success of the slope of the production curve pro-
cedure in defining an accurate egg production prediction
equation gave rise to speculation that the same type

analysis could be applied to egg size distribution and
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mortality. Such analyses would hopefully generage similar
successes, Such research, however, was beyond the means of
this project. It was originally believed that viable
regression prediction equations could be developed., How-
ever, attempts to develop such equations failed and in the
process engulfed much of the resources of this study.
Therefore, to obtain a prediction model for egg size dis-
tribution, the following was undertaken., The actual flock
data were segregated by strain. An average egg size
distribution per period (expressed as a percentage) per
strain was calculated. The same procedure was followed by
quarter of start for strain 1. Tables 4 through 11 in
Appendix I contain the period by period egg sigze distri-
butions for each strain and by quarter of start for
strain 1,

Table 6 presents the average egg size distribution by
strain, Strain 1 had the lowest average undergrade percen-
tage (10.04 percent) and the highest average percentage of
large size and medium size (84.4 percent), Strain 4 had the
lowest average percentage of large size and medium size
eggs with 77.7 percent. Strain 4 also had the lowest
average percent of large size eggs. Strain 5 had the
highest average percent of undergrade eggs.

Table 7 presents the average egg size distribution by
quarter of start for strain 1, The flocks started in quar-

ter 2 had the highest average percent of large size eggs.
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Table 6, The average egg size distribution by strain

Strain Large Medium Small Undergrade
No. % % % %

1 63.32 21,08 5.56 10.04

2 63.40 15,66 5.86 15,08

3 65.44 17.30 5.87 11.39

4 55.21 22,50 8.97 13.32

5 60.89 17.13 6.63 15.35
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Table 7. The average egg Bize distribution by quarter of
start for strain 1

Quarter La;ge Megium Sm;ll Unde;grade
1 61.99 22,13 5.81 10.07
2 66,52 19.64 4,24 9.60
3 62.58 20,47 6.81 10,14
4 62.17 22,10 5.39 10,34
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Those flocks started in quarter 1 had the lowest percent of
large size eggs. Comparing the average percent of large
size eggs with the @ values of Table 5, one finds an asso-
ciation. The flocks started in quarter 2 which had the
highest average percent of large size eggs also had the
least rapid rate of lay decrease (smallest @ value),
Similarly, those flocks started in quarter 1 had the lowest
percent of large size eggs and the most rapid rate of lay
decrease (highest o value),

Comparison of the percentages of large eggs and o
values among the strains did not yield the same association.
Strains 4 and 5, the two lowest large size egg percentage
strains, had the correspondingly two most rapid rates of lay
decrease, However, strain 3 with the highest percent of
large size eggs, did not have the least rapid rate of lay
decrease,

It is conceivable that the slope of the line procedure
can be affectively utiligzed to predict mortality. The
prediction process for mortality selected for use, however,
would give a constant percentage value for each 28-day
period. This type function concurred with methods reported
by Ruggles (1971), Bell (1972), Muir (1972), Ruggles
(1968), Vincent and Sheppard (1970) and Dale, Vincent and
Sheppard (1974). The process to specify the actual rate,
used the following equation:
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MRT = MORTD/NOB/3
where
MRT = the mortality rate,
MORTD = total mortality through period 3, and
NOB = the number of birds housed.

The Simulation Model

Procedures

The third objective of this study was to develop a
computer simulation model that would projecf overall flock
performance after the peak production period., The model
would predict mortality, egg production and egg size dis-
tribution. The overall projection would involve the
application of expected costs and revenues to those pro-
Jected production estimates. The resultant data would be
useful for management planning and decision making.

The model itself became an accounting exercise once the
predictions were made., Excluding the prediction equations,
virtually all the data that were used in making calculations
were supplied by the individual manager for his specific
flock. The specific flock flexibility did, however, require
a large amount of input data. The more information that was
available to the manager allowed him to make a better deci-
sion,

This section will explain the subroutines of the com=-

puter model.
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UPDATE., The UPDATE subroutine was responsible for
bringing the model on line with the farm's position at the
end of the third production period (12 weeks of production).
The manager supplied the specific aspects of working capital
loans during the first three periods and the specifics of
loans to pay for birds, house and equipment. The specifics
for each loan included the amount of the loan, the interest
rate, the total number of 28-day periods to repay the loan,
the number of periods remaining to be paid, the number of
periods previously paid and the monthly repayment amount,
The model established a loan repayment table for each
specific loan., This allowed the model to separate the 28-
day period repayment into interest paid and principal paid.
On long term loans (more than one production cycle), the
model applied interest paid and principal paid in the amount
applicable to the current flock. The interest calculations
were based on the simple interest on the unpaid balance
method.

If all or a portion of the birds, building and equip-
ment were owned, the manager supplied prices per bird for
each, the expected life of the building and equipment, and
the present age. The model then charged the current flock
a non-cash depreciation charge on the owned assets,

The manager supplied the total medication costs ex-

pected, maintenance, utilities, taxes, insurance and any
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mixcellaneous expenses, each on an annual basis, These
expenses were prorated evenly to each production period.

The labor calculations required the total operator
hours per week, the total hired labor hours per week and
the hourly rate for each. The number of extra man hours
needed to place the birds in the house and that hourly
rate was also required.

Egg production data supplied included peak egg pro-
duction per hen housed, total mortality, total dozens of
eggs produced, total dozens of eggs sold and the total
value of those eggs sold, The three previous items were
also supplied on an egg size distribution basis. The
average prices received per size per period were also
needed, The relationships between the average prices per
size to date, as a percent of the large sigze price, became
the relationships between prices for the remainder of the
production cycle. The model required the manager's ex-
pected price for large size eggs per quarter for the next
four quarters. The mod<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>