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The Oregon State University Production Line of Single

Comb White Leghorns was under selection for increased hen-

housed egg production from 1947 through 1972. Since hen-

housed egg production is directly related to mortality,

mortality would be expected to decrease over the years if

selection was effective. To determine if the mortality had

decreased and to gain a comprehensive view of the problem

that mortality presents, the laying house mortality during

a 23 year period, 1950 through 1972, was analyzed.

Analysis of percent mortality in the flock between 20

and 68 weeks of age showed a decrease of slightly over four-

tenths of a percent per year, about 10 percent during the



entire period studied, or a 50 percent decrease from the

original level. The average length of life in the laying

house increased by about 16 days during the 23 year period.

At 70 percent production this translates to 11 extra eggs

in a 48 week laying period.

Mortality was lowest in the early part of the laying

year and reached its peak when the birds were between 57

and 60 weeks of age. Over three-fourths of the production

time lost due to mortality occurred in the first half of

the laying year.

Leukosis claimed more of the flock than any other disease

and most of the deaths from this disease occurred in the early

part of the laying year. Marek's disease and non-leukotic

tumors appeared to follow the same pattern as leukosis over

the years. Other important diseases included dysfunctions of

the urinary and digestive systems, vascular debilities, and

cannibalism.
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ANALYSIS OF LAYING HOUSE MORTALITY IN A LINE

OF SINGLE COMB WHITE LEGHORNS

INTRODUCTION

Mortality in the laying house has always been a major

problem in commercial and experimental egg production.

Changes in production economics have forced confinement and

increased bird density. Also, over the years the types of

diseases have changed. The leukosis complex is an example of

such a change. The problem of mortality in laying flocks has

been investigated in many ways and much has been solved but

mortality remains a major problem.

In 1947 a long-term project of selection for increased

hen-housed egg production began in the Oregon State Universi-

ty Production Line of Single Comb White Leghorns. A set of

records were kept on many traits including mortality. Since

mortality is directly related to hen-housed egg production, a

decrease in the yearly mortality rate would be logically ex-

pected as a correlated response if selection for hen-housed

egg production is effective.

The yearly mortality rate is only a part of the total

problem that mortality presents. To understand the complete

picture of laying house mortality it must be analyzed from

several aspects. It is necessary to know when the mortality

occurs, what types of diseases cause it, and what its economic
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implications are for the producer of eggs.

Therefore, this study was carried out to analyze the

mortality in the Oregon State University Production Line of

Single Comb White Leghorns during the 23 year period, 1950

through 1972, with the objective of understanding as well as

possible the total picture of laying house mortality in the

line. This included analyzing the percent mortality, the

mortality in each part of the laying year, the specific

causes of mortality, their incidence, occurrence, and study-

ing the production time lost due to mortality.
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REVIEW OF THE LITERATURE

Investigations on the level and causes of pullet mortal-

ity in the laying period have shown that disease is the

principal source of loss to the poultryman and that it con-

sequently affects the consumers of poultry products through

higher costs.

Hays (1928) attempted to study the effect of parents'

age on offspring livability; but due to outbreaks of disease,

records on one and two year old parents could not be compared.

Kennard and Chamberlin (1934) in a study of the increas-

ing rate of mortality at the Ohio Agricultural Experiment

Station found the mean mortality of White Leghorn pullet

layers between 1921 and 1924, to be 13.2 percent; between

1925 and 1928, 38.4 percent; and between 1929 and 1932, 55.5

percent. In the period between 1921 and 1927 the principal

causes of mortality were colds, roup (coryza), and bronchi-

tis; in 1928 to 1932 the primary causes were paralysis,

leukosis, fowl typhoid, and cholera-like diseases. Comparing

the station's strain to other strains of White Leghorns in

1931-32 they discovered that the imports had resistance to

paralysis and finished the laying year with 31.67 percent

mortality compared to 66.33 percent in the station's strain.

Hutt (1938) analyzed the data of two New York laying
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contests over six years from 1931 to 1937. The laying con-

tests used excellent management; involving, for example, a

very small number of pullets per pen. The overall mortality

was 24 percent. The causes of the mortality were neoplasms,

38.4 percent; reproductive disorders, 25.3 percent; prolapse

of the oviduct, 11.2 percent; kidney diseases, 5.9 percent;

alimentary tract impaction,3.4 percent; internal hemorrhage,

2.4 percent; and miscellaneous causes, 13.4 percent.

Hutt et al.(1939) gave a preliminary report of an experi-

ment to breed Single Comb White Leghorns for increased via-

bility during the first laying year. From 1928 to 1930 the

mortality ranged between 17 and 23 percent. The next four

years, 1931 to 1934, the mortality rate was 41 to 44 percent,

and in 1935 the mortality was 64 percent. Selection began in

1936 for a susceptible and a resistant strain. Selection

pressure was on family viability, egg production (at least

200 eggs), egg size (56 grams), and pullet body size. The

chickens were raised intermingled and housed without culling.

Mortality in the second generation of the resistant line was

50.3 percent and the mean age at death increased from 321 days

in the unselected population to 350.6 days. In the suscepti-

ble strain 69 percent of the pullets housed died and the mean

age at death was 301.8 days. In the second generation
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mortality from neoplasms was 19.1 percent in the resistant

strain and 35.6 percent in the susceptible strain. Mortality

from reproductive disorders in the same generation was 7.3

and 6.2 percent for the resistant and susceptible strains,

respectively. It is interesting to note that death from

neoplasms, which was the most prevalent cause of death

throughout the experiment, was the only single cause of mor-

tality which showed positive response to selection. There is

no report on the correlated response of other economic

characters during the experiment.

Marble (1939) reported the results of the first six years

of an experiment to breed the Auburn Strain of Single Comb

White Leghorns for higher viability. In the five years prior

to the experiment, 1927 to 1932, mortality averaged 39.8 per-

cent with an increasing trend. In 1932, selection emphasis

was changed from egg production and egg size to family via-

bility. Other economically important factors such as egg

production, egg size, body weight, and hatchability were

secondary in the breeding program. Complete families were

either housed as breeders or culled. The first selected gen-

eration finished the laying year with 30.4 percent mortality.

This was further reduced, and by 1937, after five generations

of selection for viability, mortality was 20.1 percent. The
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experiment reduced the overall level of mortality but did not

alter the relative importance of paralysis or neoplasms. Egg

production and egg size did not regress during the experiment.

Bearse et al. (1939) reported on eight years of selective

breeding in a disease resistant and a susceptible line of

Single Comb White Leghorns. In the eighth year the resistant

line had 35 percent mortality and the susceptible line 53 per-

cent. For three years a prominent commercial line was used

as a control for the breeding experiment. The mean mortality

was 36, 54, and 56 percent for the resistant, commercial, and

susceptible line, respectively. The survival period in the

susceptible line increased by 181 days from 193 to 374. The

survival period in the resistant line increased by 208 days

from 270 to 478.

Dudley et al. (1941) studied the results of post mortem

examinations on pullets from egg laying trials in England and

Wales from 1924 through 1934. They reported a steady increase

in the laying house mortality among Leghorn pullets, the

average for the first three years was 8.73 percent, and for

the last three years 22.90 percent. Although the major por-

tion of the mortality was non-specific, increases in lympho-

matosis made infectious types of diseases important in the

latter years of the period studied. In the early years,
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non-specific diseases accounted for approximately 80 percent

of the mortality; as the trials progressed this portion of

the mortality became 60 percent. Reproductive diseases, the

main cause of death in the study, accounted for an average of

31.7 percent of the mortality. In 1929 the reproductive

disorder portion of the mortality was 42.7 percent and by

1937 it had declined to 20.3 percent.

Hutt et al. (1941) presented further data on the experi-

ment reported earlier by Hutt et al. (1939) and confirmed the

results of Bearse et al. (1939) and of Marble (1939) with a

report of reduced mortality rate and increased productive

days by selective breeding. In five years the average length

of life in the resistant line increased from 321 to 339 days,

while in the susceptible line it decreased from 321 to 300

days. In the sixth year the disease resistant line had a

mortality of 38 percent compared to 61 percent in the disease

susceptible line.

Hoffman and Stover (1942) in a study of thirty thousand

chickens sent to the California Department of Agriculture for

diagnosis, found infectious diseases to be the most prevalent

causes of death. In birds seven to twelve months of age,

colds and coryza, intestinal roundworms, coccidiosis, and

leukosis were the principal diseases, accounting for 39
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percent of the cases diagnosed. In chickens one to two years

old, roundworms, cholera, and colds and coryza were the most

important diseases. They found a low incidence of reproduc-

tive disorders; peritonitis and ruptured yolk were diagnosed

in 5.5 percent of the laying chickens under two years old.

In chickens over two years old these two ailments were found

in 9.1 percent of the cases.

Bryant and Johnson (1944) reported on an experiment

using bi-directional selective breeding for viability in

White Leghorns. In the three year experiment the high mor-

tality line had 36.34 percent of the pullets die in the

laying house compared to 25.66 percent for the low mortality

line. Of all the layers housed, 9.06 percent of the high and

only 2.99 percent of the low mortality strain died of any

form of leukosis; a highly significant difference.

Bryant (1946) reported on an experiment designed to

increase the length of life in chickens through selection.

A long-life and a short-life strain were established. After

five years the long-life strain had an average life span

43.9 days longer than the short-life strain. This comparison

was based on a maximum possible life of 525 days. During

the laying period (20 weeks to 525 days) of the fifth year,

the short-life strain had 8.91 percent more deaths than the



9

long-life strain.

Lush et al. (1948) reported on mortality in a closed

population of Single Comb White Leghorns during the 11 year

period of 1934-1944. In 1934 the mortality was 16.9 percent

with 2.3 percent of the flock dying of leukosis. The mor-

tality from leukosis rose over the next two years and in

1936 11.5 percent of the flock succumbed to that disease and

total mortality was 33.6 percent. The incidence of leukosis

subsided over the next two years and then increased again

reaching a peak of 22.2 percent in 1940. The incidence then

declined steadily in the next few years and by 1944 only 3.7

percent of the flock died of leukosis.

Greenwood and Blyth (1948) studied the causes of death

in a flock of Brown Leghorns at the Poultry Research Centre

at Edinburgh between 1935 and 1947. Of 1,764 pullets housed

over the 13 years, 11.1 percent of them died during their

first laying year. Seventy-nine and one-half percent of the

mortality was due to infectious ailments with cannibalism and

accidental deaths responsible for 12.3 and 4.1 percent, re-

spectively. Vascular, reproductive, and urinary debilities

accounted for 24.1, 24.6, and 12.3 percent of the deaths.

Lymphomatosis was reported as the cause of death in 4.1 per-

cent of the necropsies. The six inbred lines that made up
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the total flock had mortality rates ranging between 4.8 and

14.4 percent. One line had a particularly high incidence

of vascular and reproductive diseases.

Hays (1949) reported on mortality in eight generations

of a high fecundity line of Rhode Island Reds kept at the

University of Massachusetts. The birds were housed each

September at six months of age. Each year the mortality was

low until February with a low peak in December. Deaths

rapidly increased from February to June and then decreased

to a low level in September when the flock was sold. The

mean annual mortality was 26.42 percent with a range between

18.27 and 46.49 percent.

Platt (1949) analyzed data on 10 years of standard egg

laying tests in the United States between 1937 and 1946 and

found a steady decline in mortality level. The average was

17 percent with a range of 20.9 percent in 1937 to 13.8 per-

cent in 1944. The average of the first and the last three

years was 20.1 and 13.87 percent, respectively.

Brunson and Godfrey (1952) summarized 14 years of data

on autopsies performed for the Oklahoma Egg Laying Test and

found a mean of 20.7 percent mortality with a decreasing

trend and a range of 13.84 to 26.3 percent. They found no

significant difference in mortality between light and heavy
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breeds. Reproductive ailments and lymphomatosis averaged

22.1 and 13.3 percent of the total mortality with increasing

trends in both categories despite the overall decreasing

trend. Peritonitis, respiratory diseases, and digestive

diseases accounted for 10.2, 11, and 10.5 percent of the

deaths with no annual trend. They observed monthly fluctu-

ations similar to those reported by Hays (1949). Each year,

from housing in October there was a steady increase in deaths

to a peak in May, a decrease in June and a sharp increase in

July, then a decrease in late July, August, and September.

Lymphomatosis varied in incidence from year to year and there

was a tendency for it to increase from October to March and

then decrease through August and rise in September. Respir-

atory disorders increased through the winter with a peak in

January, then decreased in the spring with a rise in July,

August, and September. Reproductive disorders reached a peak

in June and another in October through December.

Moultrie et al. (1953) studied seven years of data on

mortality in the Auburn White Leghorn which had been bred for

viability for 16 years (see Marble (1939). They observed a

decreasing trend in mortality with a range of 39.03 percent

in 1944 and 14.05 percent in 1950. The most prevalent dis-

ease was leukosis which accounted for an average of 22.3
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percent of the deaths. Reproductive disorders, nephritis,

and respiratory ailments accounted for 13.8, 10.3 and 8.1

percent, respectively, of the mortality.

Jordan (1956) reported on a survey of chicken diseases

on 32 farms in Mid-Wales between June 1950 and September

1952. All chickens dying on the survey farms were sent to

the Veterinary Investigation Centre at Aberystwyth where

they were autopsied and routinely cultured for bacterial

infections. The major cause of death in this study was

tumors (of all types), which accounted for 39 percent of the

mortality in birds 6 to 18 months old. Reproductive dis-

orders caused 19 percent of the deaths followed by bacterial

infections at 6.94 percent.

Gerry (1971) studied first, second, and third year mor-

tality in laying chickens. In the three year study mortality

averaged 1.39 percent per month. The mortality in each year

as a percent of the total was 53, 21.2 and 32.1 for the first,

second, and third year, respectively. Lymphoid leukosis

accounted for 32.9 percent of the mortality in the first year,

21.4 percent in the second, and 32.1 percent in the third.

Marek's disease was 4.7 percent in the first year, decreased

in the second, and caused 17.3 percent of the deaths in the

third laying year. Salpingitis and peritonitis averaged 18.4
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percent during the three year study. The incidence of these

reproductive malfunctions increased from 10.0 percent of the

mortality in the first year to 22.9 percent in the second

year and to 32.1 percent of the third laying year's mortality.

Babu (1973) in a report on chicken mortality in India

found that 75 percent of the mortality occurred before 30

weeks of age. The major causes were Marek's disease, leukosis,

and coccidiosis with 23.49, 29.34, and 26.27 percent of the

deaths, respectively.

Christmas et al. (1974) reported on the 1973-74 Florida

Poultry Performance Evaluation Trial and found the average

mortality to be 7.64 percent during the 336 day laying period.

On a low (9.06 percent) protein growing ration, mortality

among the various strains represented ranged between 2 and

23 percent when the birds were housed in floor houses and

between 3.1 and 13.5 percent when housed in cages. On a

standard (15.35 percent) protein growing ration, the mortal-

ity in the strains ranged between 3.3 percent and 15.3 per-

cent in floor houses and from 3.1 to 19.8 percent in cages.

Reproductive diseases claimed 2.71 percent of the flock and

accounted for 35.48 percent of the total mortality. Leukosis

and Marek's disease were each responsible for the deaths of

about 1 percent of the flock or about 12 percent of the
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total mortality each.

Bell (1975) reported data from a survey of egg-type

chickens in California and found the average mortality from

21 to 80 weeks to be 22.7 percent. When analyzed by strain,

mortality to 40 weeks ranged between 10.68 and 24.24 percent.

The data indicated a high rate of mortality during the first

20 weeks in the laying house. Of the 139 flocks surveyed,

40.3 percent reported mortality of 0.5 percent per week

between 31 and 40 weeks. Only 16.8 percent of 101 flocks

reported that high a mortality rate during the next 10 week

period.
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ANALYTICAL PROCEDURE

Source and Description of the Data

The Production Line

The Oregon State University Production Line of Single

Comb White Leghorns has been maintained at the Oregon Agri-

cultural Experiment Station since 1947. The line was derived

from the crossing of Hanson and Avery, two Oregon commercial

strains, and it remained closed until 1956 when one male from

each of five other strains, Burr, Ghostley, Kirk, Mount Hope,

and Stone were introduced. Outstanding hens from other lines

were periodically introduced in subsequent years and there-

fore the population was not entirely closed except for the

first nine years (Caceres; 1967).

Management

Some of the management practices have changed over the

23 years studied (1950-1972). During the first few years

there were five hatches each spring but beginning in 1957

improvements in egg production, hatchability, and livability

allowed enough chicks to be hatched in three consecutive

weeks, the fifteenth, sixteenth, and seventeenth week of

each year. Males and females were brooded in separate floor

pens and fed a commercial starter ration until six weeks of

age. For a number of years it was the practice to immunize
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the chicks during the first week against five common species

of the Eimeria protozoan causing coccidiosis; in more recent

years a coccidiostat has been added to the feed. Originally

the chicks were given a commercial breeder ration from 6

weeks of age on but due to the high incidence of nephritis

due to the high calcium content of such a ration, a developer

ration was used between 6 and 20 weeks of age beginning in

1969. At 10 weeks of age the chicks were always weighed and

vaccinated against fowl pox. No other vaccination has ever

been administered. Prior to 1961 the chickens were moved

from the brooder houses at 10 weeks and put on range. Between

1950 and 1955 they were moved at 20 weeks to four laying

houses, and beginning in 1956 to one large laying house.

Beginning in 1961 the chickens were moved from the brooder

houses directly to the laying house at 20 weeks. Between

1956 and 1968 the laying house was one large floor pen

equipped with an Oakes mechanical feeder located on the

roosting pit. Continuous running 'V" water troughs were also

on the roosting pit, situated perpendicular to the feeder.

In 1968 the laying house was transformed from a floor opera-

tion to an individual cage facility. Throughout the period

studied artificial light was used to provide a total of 14

hours of light per day, but only after the pullets reached



17

50 percent production to allow for the expression of genetic

sexual maturity.

Records

Records on several economically important characters

were kept on each bird. The record keeping system (samples

in Appendix 1) included identification of ancestors, data on

incubation, egg production, egg quality, body weight, and

mortality.

Each hatching egg, when gathered, was identified on the

blunt end with the pen number, the mating number of the par-

ent, and the date. The eggs set were candled and transferred

to pedigree hatching trays on the eighteenth or nineteenth

day of incubation. At hatching, every chick was identified

by a numbered wingband and sexed. Two males from each family

were kept from either the second or third hatch of the year.

The fertility and hatchability data were included in the

family's record.

The body weight of individual birds was recorded at 10

weeks of age, at about 20 weeks when the pullets were trans-

ferred to the laying house, and at about 64 weeks of age near

the end of the laying year. All females, transferred to the

laying house when it was a floor pen, were identified by

numbered Dryden type plastic wing badges. Beginning in 1968
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when the line was housed in individual cages, the numbered

cages served as identification. The egg production of each

hen was recorded on trapnesting or sequence sheets and trans-

ferred at the end of each month to the family record. Until

1969, production records were kept on a partial trapnesting

schedule of three days per week and later converted to a

seven day basis. The average production of the sire and dam

families and of the population was expressed as the hen-

housed average or production index (Lerner, 1950). This

statistic is the average number of eggs laid by all of the

birds originally housed irrespective of death or culling.

Accidental deaths, because they were due to variation in the

management and not disease, were deleted from the analysis

of mortality.

Diagnostic Procedure and Mortality Records

All dead birds were autopsied at the Oregon State

University Veterinary Diagnostic Laboratory using recognized

procedures. Most diagnoses were made on the basis of gross

pathology. Lymphoid leukosis and Marek's disease were

occasionally differentiated by histopathological methods,

but generally no attempt was made to classify the various

neoplastic conditions observed. Most bacterial infections

were diagnosed as "septicemia"; however, if the infection
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appeared to be a problem in the flock or in a pen, cultures

were made and bacterial isolation procedures were followed.

The week of death and autopsy results were recorded on

the bird's mortality report slip (see Appendix 4) and sub-

sequently transferred to the family record. A coding system

was devised to simplify reporting and recording the causes

of death. The original code, copied from that of the Poultry

Division of the University of California, was revised in

1956 and again in 1970. In the latest revision 133 condi-

tions that could be found at necropsy were coded (see Appen-

dix 3). The various conditions were grouped in 10 causal

categories.

All of the causes of death that were found at necropsy

(see Appendix 2) were consolidated to facilitate analysis.

The category of leukosis covers all of the neoplastic condi-

tions cuased by the lymphoid leukosis virus. The Marek's

disease category covers both the ocular and the neural forms

of Marek's disease. Non-leukotic tumors are the neoplasms

found that did not consist of lymphoid tissue.

Internal laying was recorded when at necropsy the bird

was found to have eggs with shells or shell membranes in the

peritoneal cavity. Peritonitis was recorded when yolk

material was found in the peritoneal cavity and ensuing
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bacterial infection was considered to be the cause of the

bird's death. Prolapse was diagnosed when the oviduct failed

to retract into the body of the bird or when the intestinal

tract was found protruding from the cloaca.

Deaths due to failure of the digestive system consti-

tuted a variety of weaknesses, but impaction of the digestive

tract was the major one, along with obstipation and enteritis

without evidence of bacterial infection. Vascular ailments

were almost entirely internal hemorrhages without a causative

factor (such as a tumor) evident at the post-mortem examina-

tion. Death due to a weakness of the urinary system was

recorded when visceral gout or nephrosis was found at autopsy.

The bacterial infection category included pneumonia,

septicemia, and the remainder of the "C" and "K" sections of

the Diagnostic Code (see Appendix 2) with the exception of

enteritis. External parasites or internal parasites were

recorded when these were found and considered to be the major

cause of the bird's death.

Accidental deaths were those of the "G" category of the

Diagnostic Code with the exception of cannibalism which was

analyzed separately. The birds for which no cause of death

could be found at autopsy, including those which were taken

to the laboratory in an unsatisfactory
condition, were re-
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corded as undetermined. Death due to miscellaneous condi-

tions covers the remainder of the causes of mortality found

at necropsy. In some years this category was greatly in-

creased by specific causes, such as demineralization (phos-

phorous deficiency) in 1970 and 1972, and fatty liver syndrome

in 1969 and 1970.

Selection Procedure

Selection in the Oregon State University Production Line

was practiced on the basis of family and individual hen-

housed performance to the first of February. During February

of each year all data on hen-housed egg production, egg size,

shell thickness, body weight, and livability to the end of

January were summarized. On the basis of these summaries the

parents of the next generation were chosen and matings

established. Half and full-sib matings were deliberately

avoided to delay inbreeding. Until 1968, birds selected to

reproduce were taken out of the large floor pen and placed

into small 10 by 12 foot former range shelters, converted

to breeding pens and equipped with trapnests. Beginning in

1968 the birds selected for breeding remained in their indi-

vidual cages and were artificially inseminated. Between 8 and

19 sires, with
approximately 15 dams to each male, were used

in each generation to reproduce the line. For a number of
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years a double shift (Hutt, 1949) of sires was used to

facilitate progeny testing more males. When the double

shift was used, eggs were hatched from each sire for two

weeks with a one week interval between sires.

Statistical Methods

The variables analyzed were:

1 - Percent mortality to 68 weeks of age.

2 Average length of life in the laying house.

3 Mortality in each four-week period of the laying year as

a percentage of the total mortality.

4 - Production time lost due to mortality in each four-week

period.

5 Percent of the flock dead from each cause of death.

6 Percent of the total mortality due to each cause of

death.

7 Percent of the lost production time due to each cause

of death.

The data were analyzed on a Control Data Corporation

3300 computer. The programs used are part of the Statistical

Interactive Programming System developed and furnished by

the Oregon State University Department of Statistics.
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Binomial data often need to be transformed in order to

be analyzed and tested within the requirements of statistical

theory. Percentages follow a binomial distribution and have

a variance, npq, which is not independent of the mean. This

distribution and lack of independence violate the assumptions

required to utilize the usual statistical tests. For these

reasons the percentage mortality to 68 weeks of age was sub-

jected to an angular transformation. The transformation

changes

pi _ a
j iji

where n is the number housed, a..ij
is the number dead at 68

weeks, and P, is the estimate of the true proportion dead

ij

at 68 weeks of age, to the angle whose sine is 477 or:
ij

angle = arcsin P
A
ij

By visual interpretation this transformation was found to be

unnecessary as it did not change the distribution of the data

significantly and therefore only the original percentages

were analyzed.

An analysis of variance was performed on the percent

mortality to 68 weeks of age to estimate the year and error

component in order to eliminate the variance due to individual

sires and obtain a more accurate estimate of the variance due
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to years. The estimate of the total variance is given by the

sum of the two components; 02 = 02 + 02 The statistical
t y e(s).

model is therefore:

y. = u + e.
1 1

whexe Y . is the percent mortality of the i
th year, u is the

overall mean for the twenty-three years, and ei is an esti-

mate of random error.

The percent mortality to 68 weeks of age and the average

length of life in the laying house were regressed on year to

determine if and to what degree there was a linear trend in

these variables. A regression equation was obtained in the

form:

/71.

B0 + B
1
X.

th.
where y, is the a.

observation of the variable percent mor-

e

tality or average length of life in the laying house, xi is

th
the and B0 and Bl are the regression coefficients

associated with the intercept and the slope, respectively.

The variance ratio or F value obtained by regression is the

mean square due to regression divided by the mean square

about regression or the mean square error. The R-squared

value is the adjusted regression sum of squares divided by

the adjusted total sum of squares. This statistic explains

what proportion of the variation in the dependent variable
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is estimated to be accounted for by changes in the independent

variable.
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RESULTS

The numerical composition of the Oregon State University

Production Line of Single Comb White Leghorns during the

period studied is shown in Table I. The largest flock, 1,112

pullets, was housed in 1956. The smallest flocks were housed

in the last two years of the hen-housed egg production selec-

tion project, 1971 and 1972, when only 210 pullets were

placed in the laying house. This sub-project in normal size

hens was being phased out to be replaced by an increased

population of sex-linked dwarf layers for the same purpose.

Yearly Mortality to 68 Weeks of Age

Over the 23 years 13,832 pullets were placed in the

laying houses at approximately 20 weeks of age and 2,093 of

these died of disease during the subsequent 48 week laying

period (Table II). This was a yearly average of 601.39

housed and 91 birds or 15.13 percent dead. Mortality ranged

between 29.61 percent in 1950 and 6.19 percent in 1971.

Because there appeared to be a linear trend in the mortality

reduction it was analyzed by regression as shown in Table III.

Regressing percent mortality on year the R-squared value

obtained is 0.2895. This means that about 29 percent of the

variation in mortality can be explained by the yearly decrease.



Table I. THE NUMBER OF SIRES AND DAMS IN EACH GENERATION AND THE NUMBER OF PULLET

PROGENY HOUSED EACH YEAR BETWEEN 1950 AND 1972 AND THE AVERAGE NUMBER OF

PULLET PROGENY HOUSED PER SIRE AND PER DAM.

Year

Number
of

Sires

Number
of
Dams

Number of
Pullets
Housed

Average
Per
Sire

Average
Per
Dam

1950 12 85 483 40.25 5.68

1951 12 89 632 52.67 7.10

1952 16 111 726 45.38 6.54

1953 8 102 582 72.75 5.71

1954 8 95 607 75.88 6.39

1955 14 109 700 50.00 6.42

1956 19 184 1112 58.83 6.04

1957 10 134 811 81.10 6.05

1958 10 152 917 91.70 6.03

1959 10 177 754 75.40 4.26

1960 10 92 681 68.10 7.40

1961 10 105 630 63.00 6.00

1962 10 71 504 50.40 7.10

1963 10 70 408 40.80 5.83

1964 10 81 461 46.10 5.69

1965 10 81 685 68.50 8.46

1966 10 70 458 45.80 6.54

1967 10 69 448 44.80 6.49

1968 10 90 529 52.90 5.88

1969 10 104 661 66.10 6.36

1970 19 109 623 32.79 5.72

1971 12 50 210 17.50 4.20

1972 9 33 210 23.33 6.36

Total 269 2,263 13,832

Average

t.)

-...)

Per Year 11.7 98.39 601.39 51.42 6.11
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Table II. NUMBER OF PULLETS HOUSED AND THE NUMBER AND

PERCENT DEAD INCLUDING AND EXCLUDING ACCIDENTAL

DEATHS IN EACH YEAR.

Number Number Number Percent

of of Percent Dead Dead

Pullets Pullets Pullets Excluding Excluding

Housed Dead Dead Acci- Acci-

at 20 at 68 at 68 dental dental

Year Weeks Weeks Weeks Deaths Deaths

1950 483 147 30.43 143 29.61

1951 632 135 21.36 122 19.30

1952 726 121 16.67 117 16.12

1953 582 74 12.71 72 12.37

1954 607 121 19.93 121 19.93

1955 700 108 15.43 104 14.86

1956 1112 175 15.74 172 15.47

1957 811 148 18.25 132 16.28

1958 917 111 12.10 107 11.67

1959 754 163 21.62 71 9.42

1960 681 152 22.32 147 21.59

1961 630 135 21.43 135 21.43

1962 504 104 20.63 104 20.63

1963 408 79 19.36 78 19.12

1964 461 44 9.54 44 9.54

1965 685 61 8.91 59 8.61

1966 458 55 12.01 55 12.01

1967 448 42 9.38 42 9.38

1968 529 61 11.53 61 11.53

1969 661 73 11.04 72 10.89

1970 623 90 14.45 89 14.29

1971 210 13 6.19 13 6.19

1972 210 35 16.67 33 15.71

Total 13,832 2,247 2,093

Average per
Year 601.39 97.70 16.24 91.00 15.13
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Table III. REGRESSION ANALYSIS OF VARIANCE FOR ANNUAL

PERCENT MORTALITY IN THE PULLET FLOCKS.

Source of
Variation

Degrees
of

Freedom

Sum of
Squares

Mean
Square

F

Value

Regression

Residual

Total

1

21

22

191.235

469.418

660.635

191.235**

22.353

30.029

8.55

** significant at P. less than 0.01
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The tabulated F value at one and 21 degrees of freedom at

the probability level of 0.01 is 8.02. Since the variance

ratio for the data, 8.55, is greater than the tabulated F

value, there is a significant linear trend in the data.

The observed annual mortality and its regression on year

are shown in Figure 1.

The number and percent of the pullets dead to 68 weeks

of age for all mortality excluding accidental deaths are

shown in Table II. Histograms of the percent mortality each

year and of the angular transformation of the percent mor-

tality were examined. Because the differences in the two

forms of the distribution did not appear significant

visually, the original and untransformed percentages were

used in further analysis. The yearly percent mortality was

analyzed by the analysis of variance method using individual

sires within years as the error term. The F value, or vari-

ance ratio, is 5.78 as shown in Table IV. The tabulated

F value at 20 and infinite degrees of freedom at P = 0.005

is 2.00. Since 5.78 is larger than 2.00, there are signifi-

cant differences in the yearly mortality rates.

Accidental deaths averaged 1.11 percent of the flock per

year and thus were generally negligible. This finding was

consistent except in rare instances such as in 1959 when
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Figure 1. Percent mortality each year between 1950 and 1972 and

regression of percent mortality on year.
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Table IV. ANALYSIS OF VARIANCE FOR ANNUAL PERCENT

MORTALITY INCLUDING ACCIDENTAL DEATHS IN

THE PULLET FLOCKS BETWEEN 1950 AND 1972.

Source of
Variation

Degrees
of

Freedom

Sum
of

Squares

Mean
Square

F
Value

Among Years 22 1.783 0.081*** 5.780

Within Sires
(error)

239 3.351 0.014

Total 261 5.134

*** significant at P. less than 0.005
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92 birds, or 56 percent of the mortality, were recorded as

dead of accidental causes. Most of the accidental deaths

in this year were on one day in February. The exact cause

is unknown but was probably due to piling in a corner of

the laying house and consequent suffocation. Because acci-

dental deaths cannot logically be attributed to a normally

occurring cause of death, they were excluded from further

analysis in this study.

The average length of life in the laying house was

calculated for each year and is shown in Table V. These

calculations were based on a maximum of 48 weeks of possible

laying life. There was a negative .944 correlation co-

efficient between the percent mortality and the length of

life in the laying house. Over the years the average

length of life ranged between 42.90 weeks in 1950 when

the mortality was 29.61 percent and 47.61 weeks in 1971

when the mortality was 6.19 percent. The overall average

was 45.89 weeks; this is 93.65 percent of the possible lay-

ing house life. The average length of life in the laying

house was also analyzed by linear regression as shown in

Table VI. The R-squared value is 0.362. Since 11.097 is

greater than 9.83, the tabulated F value at one and 21

degrees of freedom at a probability level equal to 0.0005,
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Table V. THE ANNUAL PERCENT MORTALITY, THE ANNUAL AVERAGE

LENGTH OF LIFE IN THE LAYING HOUSE, AND THE

ANNUAL PERCENT OF THE POSSIBLE LAYING HOUSE LIFE

BETWEEN 1950 AND 1972.

Year

Percent
Mortality

Average
Number
of Weeks
Alive

Percent of
Possible
Laying
House Life

1950 29.61 42.90 87.59

1951 19.30 45.08 91.98

1952 16.12 45.63 93.12

1953 12.37 46.42 94.73

1954 19.93 44.69 91.20

1955 14.86 46.06 94.00

1956 15.47 45.36 92.57

1957 16.28 44.81 91.45

1958 11.67 46.59 95.08

1959 9.42 46.88 95.67

1960 21.59 45.02 91.87

1961 21.43 44.71 91.24

1962 20.63 44.59 91.01

1963 19.12 45.79 93.45

1964 9.54 47.45 96.83

1965 8.61 47.23 96.38

1966 12.01 46.78 95.42

1967 9.38 46.83 95.57

1968 11.53 46.26 94.41

1969 10.89 46.51 94.91

1970 14.29 45.59 93.05

1971 6.19 47.61 97.17

1972 15.71 46.65 95.20

Average 15.13 45.89 93.65

Per Year
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Table VI. ANALYSIS OF VARIANCE OF THE REGRESSION OF

AVERAGE LENGTH OF LIFE IN THE LAYING HOUSE

ON YEAR.

Degrees

Source of of Sum of Mean F

Variation Freedom Squares Square Value

Regression 1 10.436 10.436*** 11.907

Residual 21 18.406 0.876

Total 22 28.842 1.311

*** Significant at P. less than 0.005
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there is a significant linear trend toward increasing the

average length of life in the laying house. The observed

data and the regression are plotted in Figure 2.
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Figure 2. Average length of life in the laying house each year

between 1950 and 1972 and regression of average

length of life on year.
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Mortality by Period Within the Laying Year

The 48 week laying year was divided into 12 four-week

periods to analyze the mortality during each of these parts

of the laying year. The percent of the total mortality

observed during each period of each year is shown in Table

VII. Averages for the 23 years were also calculated for

the percent of the pullets housed that died in each four-

week period and for the percent of the total production time

lost due to mortality in each period. These data are pre-

sented numerically in Table VIII and graphically in Figure 3.

The percent mortality increased in each of the first

four periods and reached 1.26 percent at 33 to 36 weeks of

age. The next period showed a slight decrease to 1.18 per-

cent. The mortality then rapidly increased over the next

three periods reaching a peak of 1.80 percent during the

period of 57 to 60 weeks. The death rate then subsided

during the last two periods, with 1.31 percent of the flock

dead in the last four-week period.

Production time lost due to mortality in each four-

week period illustrates the relative influence of each por-

tion of the laying year on mortality. During the first

periods the production time lost increased
rapidly due to



Table VII. PERCENT OF THE ANNUAL TOTAL MORTALITY OBSERVED IN EACH FOUR-WEEK PERIOD OF

THE FORTY-EIGHT WEEK LAYING HOUSE LIFE FOR EACH OF THE TWENTY-THREE YEARS

STUDIED.

Age in Weeks

Year 20-24 25-28 29-32 33-36 37-40 41-44 45-48 49-52 53-56 57-60 61-64 65-68

1950 2.10 4.90 8.39 8.39 8.39 11.19 4.90 9.79 6.99 15.38 9.09 10.49

1951 0.00 4.92 9.02 7.38 4.92 8.20 13.11 9.02 14.75 14.75 9.02 4.92

1952 5.13 2.56 5.98 7.69 11.11 9.40 9.40 13.68 9.40 11.11 4.27 10.26

1953 2.78 8.33 9.46 6.94 5.56 8.33 2.78 13.89 6.94 9.46 16.67 8.33

1954 0.83 2.31 8.26 11.57 13.22 6.61 5.79 9.09 17.36 13.22 5.79 4.96

1955 0.96 4.81 6.73 6.73 5.77 9.62 4.81 11.54 20.19 17.31 8.65 2.82

1956 3.94 8.72 8.72 9.30 9.88 13.95 6.40 4.07 11.05 8.14 10.47 5.23

1957 3.79 7.58 15.91 12.12 12.88 7.58 8.33 4.55 6.82 3.33 3.79 8.33

1958 6.54 9.35 8.41 5.61 5.62 4.67 3.74 7.48 7.48 13.08 16.82 11.21

1959 16.19 7.04 9.86 2.82 1.41 5.63 7.04 4.23 7.04 7.04 16.90 14.08

1960 6.12 2.72 4.08 10.88 5.44 4.88 4.76 6.12 13.61 12.24 17.69 12.24

1961 4.44 5.93 3.70 9.63 8.15 8.15 5.19 5.93 11.85 15.56 10.37 11.11

1962 6.73 9.62 2.88 5.77 5.77 7.69 9.62 12.50 7.69 12.50 9.62 9.63

1963 3.85 1.26 2.56 6.41 3.85 10.26 3.85 10.26 12.82 16.67 20.51 7.69

1964 0.00 0.00 4.55 2.27 4.55 15.92 11.36 13.64 9.09 9.09 13.64 15.91

1965 1.69 8.47 6.78 11.86 5.08 3,39 8.47 6.78 11.86 13.56 17.24 5.08

1966 7.27 9.09 0.00 3.64 0.00 3.64 3.64 20.00 9.09 10.91 14.55 12.73

1967 11.90 4.76 9.52 7.14 7.14 7.14 7.14 7.14 11.90 4.76 9.52 7.14

1968 4.92 4.92 4.92 11.48 11.48 16.39 6.56 9.84 6.56 14.74 4.92 3.28

1969 1.39 4.17 6.94 6.94 19.44 11.11 8.33 11.11 8.33 12.50 8.33 1.39

1970 4.49 5.62 11.24 11.24 6.74 12.36 6.74 12.36 8.99 4.49 8.99 7.87

1971 0.00 0.00 23.08 7.69 7.69 7.69 7.69 0.00 23.08 15.38 0.00 7.69

1972 3.03 3.03 6.06 3.03 3.03 9.09 3.03 6.06 15.15 6.06 9.09 33.33

Average
for 23
years 4.16 5.59 7.41 8.31 7.79 8.84 6.69 8.93 10.89 11.90 10.85 8.65



Table VIII. THE PERCENTAGES OF EACH YEAR'S PULLET MORTALITY CAUSED BY EACH OF THE

FIFTEEN TYPES OF DISEASE.

Non- Prolapse

Marek's leukotic of Internal Peritc- Vascular Digestive

Year Disease Leukosis Tumors Oviduct Laying nitis Ailments Ailments

1950 7.69 32.87 0.00 1.40 8.39 2.10 0.00 6.99

1951 1.64 14.75 1.64 0.82 2.46 4.92 0.82 2.46

1952 3.42 29.06 11.11 0.00 1.71 0.86 1.71 2.56

1953 5.56 33.33 23.61 0.00 0.00 4.17 2.78 0.00

1954 3.31 17.36 14.05 0.83 4.13 1.65 4.96 4.13

1955 18.27 46.15 1.92 1.92 1.92 1.92 0.00 0.96

1956 15.70 55.81 1.16 0.00 4.07 0.58 1.74 0.00

1957 1.52 56.06 6.06 0.00 13.64 0.00 0.76 0.76

1958 5.61 37.38 2.80 0.00 11.21 0.93 0.93 3.74

1959 2.82 16.90 8.4 2.82 29.58 2.62 5.63 1.1.

1960 2.04 12.93 0.68 0.68 21.09 1.36 5.44 1..-.

1961 3.70 23.70 4.44 0.74 19.26 2.96 5.93 2.96

1962 1.92 12.50 4.81 1.92 21.15 4.81 6.73 3.05

'1963 2.56 3.85 0.00 6.4i 2.56 5.13 2.56 5.13

1964 2.27 9.09 0.00 6.82 0.00 4.55 6.82 4.53

1965 6.78 6.78 5.08 6.78 3.39 17.24 1.69 0.00

1966 10.91 9.09 1.82 1.82 3.64 23.64 7.21 0.00

1967 2.38 23.82 2.38 11.90 2.38 2.38 0.00 0.00

1968 3.28 4.92 1.64 0.00 0.00 1.64 0.00 0.00

1969 5.56 27.78 0.00 4.17 6.94 9.72 4.17 0.00

1970 0.00 31.46 1.12 5.62 7.87 3.37 2.25 1.12

1971 0.00 23.08 7.69 7.69 0.00 7.69 23.08 0.00

1972 0.00 21.21 3.03 3.03 0.00 3.03 3.03 0.00

Average for
23 Years 5.30 27.04 4.35 1.91 8.65 3.54 3.06 1.58

Percentages
of Total
Laying Time
Lost 6.16 31.38 3.96 1.87 7.80 3.17 2.50 1.20



Table VIII (cont.). THE PERCENTAGES OF EACH YEAR'S PULLET MORTALITY CAUSED BY EACH OF

THE FIFTEEN TYPES OF DISEASE.

Bacterial External Internal Miscellaneous Undeter-

Infection Parasites Parasites Diseases mined CannibalismUrinary

Year Ailments

1950 6.99 0.70 0.70 5.59 1.40 22.38 8.39

1951 7.38 3.28 0.00 0.82 0.00 13.93 45.08

1952 12.82 3.42 2.56 5.13 3.42 18.80 3.42

1953 4.17 1.39 0.00 1.39 0.00 12.50 9.46

1954 2.48 9.92 0.00 1.65 3.31 10.74 21.49

1955 1.92 0.96 2.84 3.85 1.92 14.42 0.96

1956 5.81 1.16 0.00 2.33 1.74 7.56 1.74

1957 0.76 0.76 1.52 0.00 4.55 1.52 12.12

1958 . 2.80 0.93 1.87 0.00 6.54 5.(61 19.63

1959 5.63 0.00 1.41 0.00 1.41 12.68 8.45

1960 4.76 7.48 4.76 0.68 7.48 14.97 12..29

1961 8.15 7.41 0.00 0.00 1.48 10.37 8.'2';

1962 8.65 19.23 0.96 2.88 2.88 7.69 0.00

1963 6.41 8.97 3.85 16.67 3.85 29.49 5.13

1964 0.00 6.82 2.27 9.09 15.91 29.55 2.2.7

1965 5.08 3.39 0.00 3.39 3.39 28.81

1966 3.64 5.45 0.00 9.09 1.82 21.8) 0.00

1967 4.76 4.76 0.00 9.52 2.33 33.3J 0.0

1968 55.74 1.64 3.23 0.00 0.00 13.11 0.00

1969 4.17 5.56 0.00 0.00 11.11 19.44 1.39

1970 2.25 3.37 0.00 0.00 24.72 16.85 0.00

1971 7.69 7.69 0.00 0.00 7.69 7.69 0.00

1972 3.03 9.09 0.00 0.00 36.36 18.18 0.00

Average for
23 Years 6.69 4.63 1.67 2.82 4.87 14.57 9.32

Percentage
of Total
Laying Time
Lost 6.11 4.54 1.34 2.45 3.79 13.83 9.91
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percent of flock dying
in each period

percent of total production
time lost due to mortality
in each period
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observed in each period
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Figure 3. Pullet mortality in each four-week period as a

percentage of the flock, as a percentage of the

total mortality, and as a percentage of the

production time lost due to mortality.
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the increasing mortality rate and it plateaued between 29

and 36 weeks of age. Following that, the proportion of the

time lost decreased rapidly even though the mortality rate

was still climbing steadily. However, due to the very large

increase in mortality between 49 and 52 weeks of age, the

time loss increased slightly during this period even though

each hen that died in that period contributed less loss of

time than those which had died earlier in the laying year.

The data on mortality by causes are presented in

Tables VIII through XI and in Figures 4 through 9. Leukosis

was by far the most important cause of mortality. This

disease alone claimed 566 of the 2,093 deaths observed in

the line during the 23 year period studied; this is 27.04

percent of the mortality or 4.09 percent of the pullets

housed (Tables 8 and 9). Over the years, leukosis appeared

to follow a cyclical pattern (Figure 5). In 1950 leukosis

constituted 32.87 percent of the mortality and decreased to

1.75 percent in 1951. The incidence then increased irreg-

ularly and in 1957, following the introduction of foreign

males, reached a peak claiming 56.06 percent of the mortality

or 9.12 percent of the flock (Table IX). The proportion of

the birds dying from leukosis declined precipitously during

the next three years, claiming 21.93 percent of the flock



Table IX. THE PERCENTAGES OF EACH YEAR'S PULLET FLOCK WHICH DIED OF EACH OF THE

FIFTEEN TYPES OF DISEASE.

Year Leukosis

Marek's
Disease

Non-
leukotic
Tumors

Internal
Laying

Perito-
nitis

Prolapse
of

Oviduct
Digestive
Ailments

1950 9.73 2.28 0.00 2.48 0.48 0.41 0.00

1951 2.85 0.32 0.32 0.47 0.95 0.16 0.47

1952 4.68 0.55 1.79 0.28 0.14 0.00 0.41

1953 4.12 0.69 2.92 0.00 0.52 0.00 0.34

1954 3.46 0.66 2.80 0.82 0.33 0.16 0.82

1955 6.86 2.71 0.29 0.29 0.29 0.29 0.14

1956 8.63 2.43 0.18 0.63 0.09 0.00 0.00

1957 9.12 0.25 0.99 2.22 0.00 0.00 0.12

1958 4.36 0.65 0.33 1.31 0.11 0.00 0.44

1959 1.59 0.27 0.80 2.79 0.27 0.27 0.13

1960 2.79 0.44 0.15 4.55 0.29 0.15 0.29

1961 5.08 0.79 0.95 4.13 0.63 0.16 0.63

1962 2.58 0.40 0.99 4.37 0.99 0.40 0.79

1963 0.74 0.49 0.00 0.49 0.98 1.23 0.49

1964 0.87 0.22 0.00 0.00 0.43 0.65 0.43

1965 0.58 0.58 0.44 0.29 1.46 0.58 0.00

1966 1.09 1.31 0.22 0.44 2.84 0.22 0.00

1967 2.23 0.22 0.22 0.22 0.22 1.12 0.00

1968 0.57 0.38 0.19 0.00 0.19 0.00 0.00

1969 2.03 0.61 0.00 0.76 1.06 0.45 0.00

1970 4.49 0.00 0.16 1.28 0.48 0.80 0.16

1971 1.43 0.00 0.48 0.00 0.48 0.48 0.00

1972 3.33 0.00 0.48 0.48 0.00 0.48 0.00

Average
for 23
Years 4.09 0.71 0.80 0.66 1.31 0.53 0.29



Table IX (cont.). THE PERCENTAGES OF EACH YEAR'S PULLET FLOCK WHICH DIED OF EACH OF

THE FIFTEEN TYPES OF DISEASE.

Year

Vascular
Ailments

Urinary Bacterial External

Ailments Infections Parasites

Internal
Parasites

Miscel-
laneous

Canni-
balism

Undeter-
mined

1950 0.41 2.07 0.21 0.21 1.66 0.41 2.48 6.63

1951 0.16 1.42 0.63 0.00 1.16 0.00 8.70 2.69

1952 0.28 2.07 0.55 0.41 0.83 0.55 0.55 3.03

1953 0.34 0.52 0.17 0.00 0.34 0.00 1.20 1.55

1954 0.99 0.49 1.89 0.00 0.33 0.66 4.28 2.14

1955 0.00 0.29 0.14 0.43 0.57 0.29 0.14 2.14

1956 0.27 0.90 9.18 0.00 0.36 0.27 0.27 1.17

1957 0.12 0.12 0.12 0.25 0.00 0.74 1.97 0.25

1958 0.11 0.00 0.11 0.22 0.00 0.76 0.44 0.65

1959 0.53 0.53 0.00 0.13 0.00 0.13 0.80 1.19

1960 1.17 1.03 1.61 1.03 0.15 1.62 3.08 3.23

1961 1.27 1.75 1.59 0.00 0.00 0.32 1.90 2.22

1962 1.39 1.79 3.97 0.20 0.60 0.50 0.00 1.59

1963 0.49 1.23 1.72 0.74 3.19 0.74 0.98 5.64

1964 0.65 0.00 0.65 0.22 0.87 1.52 0.22 2.82

1965 0.15 0.44 0.29 0.00 0.29 0.29 0.73 2.48

1966 0.87 0.44 0.66 0.00 1.09 0.22 0.00 2.62

1967 0.00 0.45 0.45 0.00 0.89 0.22 0.00 3.13

1968 0.00 6.43 0.19 0.38 0.00 0.00 0.00 1.51

1969 0.45 0.45 0.61 0.00 0.00 1.21 0.15 2.12

1970 0.32 0.32 0.48 0.00 0.00 3.53 0.00 2.41

1971 1.43 0.48 0.48 0.00 0.00 0.48 0.00 0.48

1972 0.48 0.48 3.33 0.00 0.00 5.71 0.00 2.86

Average
for 23
Years 0.46 1.01 0.70 0.25 0.43 0.74 1.41 2.21
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Table X. NUMBER OF DEATHS FROM VARIOUS CAUSES IN EACH

FOUR-WEEK PERIOD OF THE FORTY-EIGHT WEEK LAYING

PERIOD IN THE TWENTY-THREE YEARS STUDIED.

Diagnosed
Cause of

Age in Weeks

Death 20-24 25-28 29-32 33-36 37-40 41-44 45-48

Leukosis 20 39 54 81 55 67 36

Marek's Disease 7 12 15 8 9 8 2

Non-leukotic
Tumors 4 1 2 4 8 11 10

Internal Laying 8 6 11 9 14 13 13

Peritonitis 2 6 6 4 3 3 3

Prolapse of
Oviduct 3 4 1 1 2 6 2

Digestive
Ailments 0 1 4 1 0 2 1

Vascular Ailments 0 3 1 6 4 3 6

Urinary Ailments 3 3 5 9 14 20 14

Bacterial
Infections 8 3 8 8 5 8 3

External
Parasites 0 0 1 0 4 5 3

Internal
Parasites 1 2 4 4 4 3 6

Miscellaneous
Diseases 4 2 9 6 6 4 5

Cannibalism 10 19 21 9 11 12 14

Undetermined 17 16 13 24 24 20 22

Total 87 117 155 174 163 185 140
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Table X (cont.). NUMBER OF DEATHS FROM VARIOUS CAUSES IN

EACH FOUR-WEEK PERIOD OF THE FORTY-EIGHT

WEEK LAYING PERIOD IN THE TWENTY-THREE

YEARS STUDIED.

Diagnosed
Cause of
Death

Age in Weeks
Total49-52 53-56 57-60 61-64 65-68

Leukosis 52 48 44 38 32 566

Marek's Disease 7 16 13 7 7 111

Non-leukotic Tumors 12 14 10 7 8 91

Internal Laying 9 33 27 24 14 181

Peritonitis 9 7 13 9 9 74

Prolapse of Oviduct 2 4 5 7 3 40

Digestive Ailments 6 3 5 2 8 33

Vascular Ailments 7 9 10 6 9 64

Urinary Ailments 10 10 23 22 7 140

Bacterial Infections 9 8 13 16 8 97

External Parasites 4 6 6 3 3 35

Internal Parasites 3 10 7 10 5 59

Miscellaneous Diseases 7 8 9 15 27 102

Cannibalism 21 22 23 241 9 195

Undetermined 29 30 41 37 32 305

Total 187 228 249 227 181 2,093
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Table XI. NUMBER OF PRODUCTION WEEKS LOST TO VARIOUS CAUSES

OF MORTALITY IN EACH FOUR-WEEK PERIOD OF THE

FORTY-EIGHT WEEK LAYING PERIOD IN THE TWENTY-

THREE YEARS STUDIED.

Diagnosed
Cause of

Age in Weeks

Death 20-24 25-28 29-32 33-36 37-40 41-44 45-48

Leukosis 910 1638 2052 2754 1650 1742 792

Marek's Disease 318 504 570 272 270 208 44

Non-leukotic Tumors 182 42 76 136 240 286 220

Internal Laying 364 252 418 306 420 338 286

Peritonitis 91 252 228 136 90 78 66

Prolapse of Oviduct 136 168 38 34 60 156 44

Digestive Ailments 0 42 152 34 0 52 22

Vascular Ailments 0 126 38 204 120 78 132

Urinary Ailments 136 126 190 306 420 520 308

Bacterial
Infections 364 126 304 272 150 208 66

External Parasites 0 0 38 0 120 130 66

Internal Parasites 45 84 152 136 120 78 132

Miscellaneous
Diseases 182 84 342 204 180 104 110

Cannibalism 455 798 798 306 330 312 308

Undetermined 773 672 494 816 720 520 484

Total 3958 4914 5890 5916 4890 4810 3080

Percentage of Total

Lost Production
Time 8.95 11.11 13.32 13.38 11.06 10.87 6.96
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Table XI (cont.). NUMBER
CAUSES
PERIOD
PERIOD

OF PRODUCTION WEEKS LOST TO VARIOUS

OF MORTALITY IN EACH FOUR-WEEK

OF THE FORTY-EIGHT WEEK LAYING

IN THE TWENTY-THREE YEARS STUDIED.

Diagnosed
Cause of
Death

Age in Weeks
Total
Weeks
Lost

Percentage
of Total
Lost Time

49-52 53-56 57-60 61-64 65-68

Leukosis 936 672 440 228 64 13,878 31.38

Marek's
Disease 126 224 130 42 14 2,722 6.16

Non-leukotic
Tumors 216 196 100 42 16 1,752 3.96

Internal
Laying 162 462 270 144 28 3,450 7.80

Peritonitis 162 98 130 54 18 1,403 3.17

Prolapse of
Oviduct 36 56 50 42 6 826 1.87

Digestive
Ailments 108 42 50 12 16 530 1.20

Vascular
Ailments 126 126 100 36 18 1,104 2.50

Urinary
Ailments 180 140 230 132 14 2,702 6.11

Bacterial
Infection 162 112 130 96 16 2,006 9.54

External
Parasites 72 84 60 18 6 594 1.34

Internal
Parasites 54 140 70 60 10 1,081 2.45

Miscellaneous
Diseases 126 112 90 90 54 1,678 3.79

Cannibalism 378 308 230 144 180 4,385 9.91

Undetermined 522 420 410 220 64 6,117 13.83

Total 3366 3192 2490 1362 362 44,230 100.00

Percentage of
Total Lost
Production
Time 7.61 7.22 5.63 3.08 0.82
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in 1960. The incidence increased the following year to

23.70 percent of the mortality and then dropped to a low of

3.85 percent of the mortality and involved only 9.78 percent

of the flock in 1963. Then, again climbing over the next

four years, leukosis claimed 23.82 percent of the 1967 mor-

tality. The incidence then subsided in 1968 but rose again

during the next two years and accounted for 27.78 percent of

the 1970 mortality. The number of cases of leukosis then

decreased in the last two years of the period studied.

When analyzed as the amount of production time lost

(Table XI), leukosis was responsible for 13,878 weeks or

31.38 percent of the production time lost. This is because

most of the mortality from that cause occurred in the early

part of the laying year. The number of birds dying of

leukosis increased in each of the first four periods reach-

ing a peak of 46.6 percent of the mortality between 33 and

36 weeks of age. The incidence of leukosis then decreased

even though the mortality rate was rising. When total mor-

tality was at its peak between 57 and 60 weeks of age,

leukosis claimed less than 17 percent of the deaths (Figure

4).

Non-leukotic tumors were responsible for the death of

0.66 percent of the flock, 4.35 percent of the total
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mortality and less than 4 percent of the production time lost

due to mortality. The incidence appeared to follow the same

annual pattern as leukosis (Figures 4 and 5 and Tables VIII,

IX, X, and XI). However, non-leukotic tumors followed a

characteristic pattern within the laying year. The incidence

was low in the early part, climbed very gradually but steadi-

ly, and reached a peak of 7.1 percent of the 45 to 48 week

mortality, then decreased in the latter part of the laying

year to 3.1 and 4.4 percent of the mortality in the last two

four-week periods.

During most of the years studied the incidence of

Marek's disease was at a lower level than one might expect,

averaging less than one percent of the total flock and

following the same general pattern as leukosis over the

years. In the first year, 1950, Marek's disease claimed

7.69 percent of the mortality observed. The incidence then

dropped to 1.64 percent in the second year. Deaths due to

this disease increased following that, and in 1955 over 18

percent of the mortality was due to Marek's disease. After

1956 the incidence decreased and remained low until it in-

creased to 10.91 percent of the 1966 mortality. Then the

number of deaths declined during the next few years and no

bird died of this disease after the 1969 laying year (Figure



58

5 and Tables VIII and IX).

Over the 23 years studied, internal laying accounted

for an average of 8.65 percent of the mortality. Because

the peak of deaths due to this malady were in the latter

part of the laying year, only 7.8 percent of the production

time lost was due to deaths caused by internal laying

(Figures 6 and 7). This reproductive malfunction caused

few deaths during the early years of the study and did not

become a very important cause of mortality in the line until

after 1955. In 1955 deaths due to internal laying accounted

for only 1.92 percent of the mortality. By 1959 it caused

29.58 percent of the deaths. The incidence plateaued around

20 percent for the next three years until it precipitously

decreased to 2.56 percent of the 1963 mortality and to zero

in 1964. The occurrence of mortality due to internal laying

remained at a low level during the remainder of the years

studied.

Prolapse of the oviduct, another reproductive malfunc-

tion, was at a low level nearly every year, however the trend

was toward an increasing incidence. The average occurrence

of prolapse for the first three years was 0.74 percent of the

mortality (Figure 7). The number of deaths remained low

until 1962 and then began to increase. In 1968 11.90 percent
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of the mortality was due to prolapse and the average for the

last three years was 5.45 percent. Most of the cases of

prolapse occurred in the first two and the last four periods

of the laying year.

The incidence of egg peritonitis showed a slight in-

creasing trend. In 1950 it accounted for 2.10 percent of

the mortality. In 1957 there was no death due to this cause

in the line. And then steadily increasing, egg peritonitis

claimed 23.64 percent of the mortality in 1966. The inci-

dence then subsided and was only 3.03 percent of the 1972

flock reduction. The yearly average was 3.54 percent of the

production time lost.

The cases of egg peritonitis paralleled the pattern of

other bacterial infections in all but the first three four-

week periods of the laying year. Deaths due to peritonitis

were 2.3, 5.1, and 3.9 percent of the first, second, and

third period's mortality, whereas, bacterial infections

claimed 9.2, 3.4, and 5.2 percent in the same intervals.

After the third period they both decreased and in the seventh

period each accounted for 2.1 percent of the mortality.

Thereafter they increased in parallel fashion and at about

the same level, each claiming about five percent of the

65 to 68 week mortality (Figure 8 and Table X).
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Over the years bacterial infections averaged 4.54 per-

cent of the production time lost and accounted for 4.63

percent of the mortality. The actual number of deaths from

this cause remained fairly constant with the exception of

four years in the middle of the study. However, due to the

decreasing trend in the overall mortality rate, bacterial

infections as a proportion of the deaths showed an increas-

ing trend (Tables IX and XI).

Debilities of the digestive system were an unimportant

cause of death in the line claiming less than one quarter of

one percent of the flock. Most of these deaths were in the

latter portion of the laying year and only 1.2 percent of the

production time was lost due to failure of the digestive

system. Circulatory system infirmities were diagnosed in

nearly twice as many cases. They accounted for over three

percent of the deaths and 2.5 percent of the lost production

time (Table XI).

Dysfunctions of the urinary system were at a high level

and demonstrated no trend over the years. However, nephrosis

in 1952, and visceral gout in 1968 were especially high;

boosting urinary disorder deaths to 12.82 and 55.74 percent

of the deaths in these two years, respectively. The average
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was 6.69 percent of the mortality and 6.11 percent of the

lost production time. Within the laying year deaths due to

urinary disorders had two peaks; the first between 41 and 44

weeks, and the second between 61 and 64 weeks of age (Tables

VIII, IX, X, and XI and Figure 8).

External parasites were diagnosed as the cause of death

in 1.69 percent of the cases. Internal parasites caused the

death of 59 birds, 2.82 percent of the 23 year mortality.

Within the laying year the incidence of internal parasites

showed an increasing trend. There were only a few birds

dying of this cause in most years with the exception of 1962

through 1968. After 1968, when the line was housed in a cage

facility, there was no death due to internal parasites in

the laying house (Table VII and Figure 9).

With the exception of one bird in 1969, there was also

no case of cannibalism after 1968. However, in most years

the incidence of cannibalism was high, averaging 9.32 percent

of the mortality despite seven years without incidence of

this social disease (Table VIII and Figure 9).

Miscellaneous diseases claimed an average of less than

one percent of the flock each year. With an average of 4.87

percent of the mortality and 3.79 percent of the lost produc-

tion time accounted for by miscellaneous diseases it is
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evident that most of these deaths were in the latter part of

the laying year (Tables VIII, IX, and XI).

The cause of death was undetermined in 14.57 percent of

the cases submitted to the laboratory for autopsy. This is

a yearly average of 2.21 percent of the flock. The undiag-

nosed deaths followed the same pattern within the laying year

as the total mortality. That is, they increased from the

time when the birds were housed through 60 weeks of age and

then decreased slightly (Tables VIII and IX).
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DISCUSSION

Mortality by Year

Between 1950 and 1972, while under selection for

increased hen-housed egg production, the average yearly

mortality of the Oregon State University Production Line of

Single Comb White Leghorns was 15.13 percent. This is within

the range reported in the literature (Kennard and Chamberlin,

1934; Lush et al., 1948; Platt, 1949; Moultrie et al., 1953;

Bell, 1975). The mortality showed a decreasing trend from

the original 29.61 percent to a figure of 15.71 percent in

the last year. When analyzed by analysis of variance there

is a significant (P=0.005) difference in the yearly mortality

rates. When analyzed by linear regression there is a signif-

icant (P=0.01) decreasing trend in the mortality data. The

R-squared value is 0.2895. This means that approximately 29

percent of the variation in yearly mortality rates is explain-

ed by a decreasing yearly trend.

The average length of life in the laying house was also

analyzed by linear regression methods. The regression was

significant (P=0.005). The R-squared value was 0.362.

Since there was a negative .94 correlation coefficient

between these two variables it is not surprising that they

have similar R-squared values. However, it is interesting
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to note that the average length of life in the laying house

was apparently more responsive to selection for hen-housed

egg production than decreased mortality as evidenced by its

higher R-squared value.

Mortality by Period Within the Laying Year

The flock mortality rate increased from the time the

birds were housed in September, at 20 weeks of age, to 44

weeks and then decreased in the next four-week period.

Following this period it increased steadily to a peak in

June when the birds were between 57 and 60 weeks of age.

The rate then decreased in the last two periods of the lay-

ing year. It is impossible to detect if this mortality

pattern (which was also observed by Hays, 1959, and Brunson

and Godfrey, 1952) is characteristic of the age of the birds,

the season of the year, or a combination of both.

The production time lost due to mortality in each four-

week period is a good indicator as to which portion of the

laying year contributed the most to the economic loss due to

mortality. The early part of the laying year contributed

the most to the lost production time even though there were

fewer deaths than in the latter portion of the laying year.

Mortality in the first half of the laying year accounted for



65

over two thirds of the production time lost. Birds dying

early in their productive life cause economic loss to the

poultryman in two ways: 1) they do not pay for the invest-

ment of feed, labor, and housing required to raise them to

laying age; 2) they leave an empty spot in the laying house

that could be filled by a productive, profit earning hen.

Mortality by Causes

There were some inevitable inaccuracies in the classi-

fication of the causes of death. Egg peritonitis, for ex-

ample, although considered as a malfunction of the reproduc-

tive system, could also have been correctly classified as a

bacterial infection. Also, there could have been better

resolution in the category of miscellaneous diseases.

Because not all of the dead birds were autopsied to

diagnose problems of epidemic magnitude in the flock, there

was not a complete diagnosis on many of the birds submitted

to the laboratory. Enteritis was classified as a debility

of the digestive system, but some of the cases might have

proved to be bacterial infections had cultures been made.

If all of the neoplasms had been histologically classified,

some of the mortality diagnosed as Marek's disease might have

been found to be leukosis and vice versa. However, it must
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be mentioned that during most of the years studied, from a

diagnostic point of view, the histological classification

of tumors was only of statistical interest because the mor-

tality from these causes could not have been prevented.

At no time during the 23 years studied was there any

massive outbreak or viral infection other than Marek's

disease and leukosis. However, at times leukosis reached

high levels killing as much as five percent of the flock

during the laying year. Also in 1968 visceral gout claimed

over five percent of the flock.

Leukosis was by far the most important cause of death as

a percentage of the mortality and as a proportion of the

production time lost due to mortality. Mortality due to this

disease followed a cyclical pattern in the Oregon State Uni-

versity Production Line. In other reports leukosis has also

been found in a cyclical pattern or an increasing or a de-

creasing trend over time (Dudley et al., 1941; Lush et al.,

1948; Brunson and Godfrey, 1952). Because the peak of mor-

tality from this disease was in the early part of the laying

year it claimed a greater percentage of the production time

lost than of the total mortality. This infection probably

stole more production time than is indicated because of its

chronic nature; the birds dying of this disease probably
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ceased to lay eggs long before they died (Harris, 1926;

Lerner, Taylor, and Lubbehusen, 1939).

Non-leukotic tumors and Marek's disease seemed to follow

the same annual trend as leukosis; when leukosis was high,

the number of birds dying of Marek's disease and non-leukotic

tumors was also high. Perhaps there is a true correlation,

perhaps some diagnostic errors, or perhaps some recording

errors. It should be noted that lymphoid leukosis is E5 on

the Diagnostic Code (Appendix 2) and that non-leukotic tumors

and Marek's disease are E6 and E2, respectively; it would

have been easy to make a mistake when recording the diagnosis.

Also since there was no histopathological classification of

neoplasms and since nerve or ocular pathology is not observed

in all cases of Marek's disease, it seems very likely that

some cases of Marek's disease were diagnosed as leukosis.

However, Marek's disease followed its own pattern within the

year. The incidence of deaths due to this disease had two

peaks; one in the early part and one in the latter part of

the laying year. This suggests that possibly the young

pullets were infected before they entered the laying house

and the survivors infected at the latter age after they began

egg production.

Deaths due to debilities of the reproductive system
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considered together constituted 14.1 percent of the mortal-

ity. This is within the range of other reports (Hutt, 1938,

1930; Dudley et al., 1941; Greenwood and Blyth, 1948;

Moultrie et al., 1953; and Jordan, 1956).
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SUMMARY AND CONCLUSIONS

The laying house mortality records on the Oregon State

University Production Line of Single Comb White Leghorns for

the 23 year period of 1950 through 1972 were analyzed. The

line was under selection for increased hen-housed egg produc-

tion beginning in 1947 and throughout the period studied.

Since mortality is directly related to hen-housed egg produc-

tion the mortality would have been expected to decrease if

the selection was effective.

Several aspects of the mortality were studied. These

included: percent of the flock which died in the laying

house, percent of the total mortality observed in each four-

week period of the laying year, mortality from specific

causes, average length of life in the laying house, and pro-

duction time lost due to mortality. This approach gave a

wide-angle view of the mortality not only in regards to the

overall level in each year, but also as to when it occurred,

what caused it, and its effect on the production economics

of the flock in terms of lost production time and laying

house utilization.

The analysis of the percent mortality in the flock for

each year indicated that mortality in the line had decreased
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over the years as selection for increased hen-housed egg

production progressed.
Statistically, there were differ-

ences in the percent mortality among the years and the

regression of percent mortality on years indicated that the

mortality decreased by about four-tenths of one percent per

year, approximately 10 percent during the 23 years studied;

a reduction of 50 percent from the initial level.

Length of life in the laying house had a negative .944

correlation coefficient with percent mortality. This

statistic is nearly the opposite of mortality in that it

indicates the ability of the birds in the line to survive in

their environment. But average length of life in the laying

house goes further by taking into consideration the time

within the laying year each bird died. The regression of this

variable on year shows that on an average the birds lived an

extra tenth of a week (almost one day) longer each year than

the year before. In 23 years it meant an extra 16 days of

productive life. At an average of 70 percent production

during a 48 week laying period this could translate to an

extra 11 eggs per hen-housed. This is a significant implica-

tion for the more economical production of eggs.

The mortality rate was lowest in the early part of the

laying year and increased slowly reaching its peak between
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57 and 60 weeks of age. Studying the production time lost

due to mortality in each four-week period projects another

picture of the mortality. The time lost from mortality was

highest in the early periods of the laying year, as each bird

which died in the latter periods contributed less time loss

than those which died early in their productive lives. Pro-

duction time lost due to mortality decreased in each sub-

sequent four-week period. This pattern indicates that most

of the birds which died during the first laying year never

lived long enough to repay the investment in rearing and

providing a laying house.

Leukosis, by far the most prevalent disease which

affected the line during the period studied, was responsible

for much of the lost production time because this disease

had a high mortality rate in the early part of the laying

year and was at its peak when the flock was between 33 and

36 weeks of age. Leukosis was prevalent throughout the

laying year; in every four-week period it claimed the life

of more of the chickens than any other single cause of mor-

tality. From year to year leukosis followed a cyclical

pattern but overall there was a decreasing trend.

Marek's disease and non-leukotic tumors also seemed to

have a cyclical pattern but each had individual characteristic
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patterns within the laying year. The incidence of non-

leukotic tumors increased steadily reaching a peak in the

middle of the laying year, whereas Marek's disease had two

peaks. This bimodal pattern indicates possibly that the

pullets were infected before they were placed in the laying

houses and again after egg production began.

Had deaths due to malfunctions of the reproductive

system been considered as a single cause of mortality they

would have constituted the second most common malady of the

flock. But the composite of reproductive dysfunctions was

analyzed as deaths due specifically to internal laying, egg

peritonitis, or prolapse of the oviduct. Deaths due to pro-

lapse of the oviduct were not very prevalent in the line.

Internal laying was not prevalent in the early or latter years

of the study but was one important cause at death in the

middle years.
Peritonitis, as a percentage of the mortality

in each year, was low until it began increasing in 1960.

The incidence of bacterial infections closely followed

the incidence of egg peritonitis which is usually a case of

bacteria multiplying in egg yolk that has spilled into the

peritoneal cavity.

In conclusion, the results of this analysis indicate

that even though most of the mortality was in the latter
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portion of the laying year, most of the production time lost

occurred in the early part. Leukosis continued to plague

the line, even though its incidence decreased during the

study. As would be logically expected, the overall incidence

of mortality decreased as selection for increased hen-housed

egg production progressed.
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Appendix 2. Diagnostic Code

Poultry Diseases
June 1970 Revision
Diagnostic Code

Al Aneurism
A2 Ascites
A3 Atrophy
A4 Coliform granuloma

B6 Enterohepatitis
(blackhead)

B7 Gapeworms
B8 Gizzard worms

A5 Cystic oviduct B9 Hexamitiasis
A6 Dehydrated B10 Pediculosis
A7 Edema, generalized Bll Taeniasis
AS Internal lay, egg production B12 Trematode
A9 Gizzard erosion B13 Trichomoniasis
A10 Hemmorrhage, internal
All Hemmorrhagic syndrome
Al2 Hernia
Al3 Hydropericardium
A14 Hypertrophy, heart
A15 Impaction, crop
Al6 Impaction, gizzard
All Impaction, intestinal
Al8 Intussusception
A19 Leg weakness (non-specific)
A20 Malformation, anatomical
A21 Mismanagement
A22 Obstipation
A23 Pendulous crop
A24 Pneumonia (non-specific)
A25 Prolapsus, visceral
A26 Rupture, crop, oviduct, etc.
A27 Slow feathering
A28 Torsion, intestine, oviduct
A29 Urolithiasis
A30 Visceral gout
A31 Round heart

B1 Acariasis
B2 Ascariasis
B3 Capillarisis
B4 Coccidiosis, cecal
B5 Coccidiosis, intestinal

Cl Abscess
C2 Arthritis, Staphloc.

(non-specific)
C3 Botulism
C4 Bumblefoot
C5 Colibacillosis
C6 Coryza
C7 Enterotoxemia
C8 Erysipelas
C9 Fowl Cholera
C10 Fowl typhoid
Cll Paracolon infection
C12 Pasteruellosis
C13 Polyarthritis

(staphlocc.)
C14 Proteus infection
C15 Pseudomonas infection
C16 Pullorum disease
C17 Salmonellosis
C18 Septicemia

(undetermined)
C19 Sinusitis
C20 Staphloccoccic

septicemia
C21 Toxemia
C22 Tuberculosis
C23 Airsacculitis

79
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80

Diagnostic Code

D1 Bronchitis (non-specific)
D2 Chronic respiratory disease
D3 Encephalomyelitis

(epidemic tremor)
D4 Fowl pox
D5 Laryngotracheitis
D6 Ornithosis
D7 Synovitis

El Hematoma
E2 Leukosis-neural-Marek
E3 Leukosis-ocular-Marek
E4 Leukosis-osteopetrosis
E5 Leukosis-visceral-lymphoid
E6 Tumor (non-leukotic)
E7 Erythroblastosis
E8 Myeloblastosis

Fl Avitaminosis A
F2 Avitaminosis D -

dimineralization
F3 Avitaminosis D rickets
F4 Avitaminosis B -

riboflavin deficiency
F5 Avitaminosis B -

pantothenic acid
F6 Malnutrition
F7 Necrosis, beak
F8 Nephrosis
F9 Perosis
F10 Avitaminosis E
Fll Fatty liver syndrome
F12 Xanthomatosis
F13 Myopathy

G1 Accidental death
G2 Cannibalism
G3 Emphysema

G4 Fracture
G5 Luxation
G6 Poisoning
G7 Trauma

H1 Aspergillosis
H2 Favus
H3 Mycosis, crop

Jl Normal
J2 Undetermined
J3 Unsatisfactory condition

Kl Bursitis
K2 Cloacitis (non-specific)
K3 Conjunctivitis

(non-specific)
K4 Dermititis

(non-specific)
K5 Enteritis, catarrhal
K6 Enteritis, hemorrhagic
K7 Enteritis, ulcerative
K8 Epicarditis
K9 Hepatitis
K10 Myositis
Kll Myocarditis
K12 Nephritis (non-specific)
K13 Omphalitis
K14 Ovaritis (non-specific)
K15 Pericarditis

(non-specific)
K16 Peritonitis

(non-specific)
K17 Proventriculitis
K18 Salpingitis (non-specific)
K19 Stomitis (non-specific)
K20 Tracheitis (non-specific)
K21 Typhlitis (non-specific)
K22 Venticulitis
K23 Enteritis, necrotic
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Appendix 3.

Poultry Diseases
Cross Reference to Diagnostic Code

Abscess Cl Edema, generalized
Acariasis Bl Egg concretions
Accidental death G1 Emphysema

A7
A8
G3

Airsacculitis C23 Encephalomyelitis D3
Aneurism Al Enteritis-catarrhal K5
Arthritis C2 -hemorrhagic K6
Ascariasis B2 -ulcerative K7
Ascites A2 -necrotic K23
Aspergillosis H1 Enterohepatitis B6
Atrophy A3 Enterotoxemia C7
Avitaminosis A Fl Epicarditis (non.sp.) K8
Avitaminosis D Epidemic tremor D3

demineralization F2 Erysipelas C8
rickets F3 Erythroblastosis E7

Avitaminosis Fatty liver syndrome Fll
riboflavin F4 Favus H2
panthotenic a. F5 Impaction-crop A15
E F10 -gizzard Al6

Blackhead B6 -intestinal Al7
Botulism C3 Internal lay A8
Bronchitis (non.sp.) Dl Intussusception A18
Bumblefoot C4 Laryngotracheitis D5
Bursitis Kl Leg weakness (non.sp.) Al9
Cannibalism G2 Leukosis
Capillariasis B3 neural-Marek E2
Cholera C9,C12 ocular-Marek E3

Cloacitis K2 osteopetrosis E4
Coccidiosis-cecal B4 visceral-lymphoid E5

" intestinal B5 erythroblastosis E7
Colibacillosis C5 myeloblastosis E8
Coliform granuloma A3 Luxation G5
Cunjunctivitis (n.s.)K3 Malformation, anat. A20
Coryza C6 Malnutrition F6

CRD D2 Marek E2,E3
Crop impaction A15 Mismanagement A21
Cull A4 Mycosis, crop H3

Cystic oviduct A5 Myeloblastosis E8
Dehydrated A6 Myopathy F13
Dermatitis (non.sp.) K4 Myositis K10
Duck walk A8 Myocarditis Kll



Appendix 3 (cont.).

Poultry Diseases
Cross Reference to Diagnostic Code

Necrosis, beak F7

Nephritis (non.sp.) K12

Nephrosis F8

Normal Jl

Obstipation A22
Omphalitis K13
Ornithosis D6

Ovaritis (non.sp.) K14
Paracolon Cli
Pasteurellosis C12

Pediculosis B10
Pendulous crop A23

Pericarditis(non.sp.)K15
Peritonitis(non.sp.) K16
Perosis F9

Pneumonia (non.sp.) A24
Poisoning G6
Polyarthritis(stap.) C13
Prolapsus, visceral A25
Proteur infection C14

Proventriculitis K17
Pseudomonas infect. C15

Pullorum disease C16

Round heart A31
Rupture-crop,oviduct A26
Salmonellosis c17
Salpingitis(non.sp.) K18
Septicemia (undet.) C18
Sinusitis C19

Slow feathering A27
Stomatitis (non.sp.) K19
Staph. septicemia C20

Fowl cholera C9

Fowl pox D4

Fowl typhoid C10

Fracture G4

Gapeworms B7

Gizzard erosions A9

Gizzard worms B8

Hematoma El

Hemorrhage, internal
Hemorrhagic syndrome
Hepatitis (non.sp.)
Hernia
Hexamitiasis
Hjarre's disease
Hydropericardium
Hypertrophy, heart
Synovitis
Taeniasis
Torsion, internal
Toxemia (undet.)
Tracheitis (non.sp.)
Trauma
Trematode
Trichomoniasis
Tuberculosis
Tumor non-leukotic
Typhlitis (non.sp.)
Undetermined
Unsatisfactory
Urolithiasis
Ventriculitis
Visceral gout
Xanthomatosis

A10
All
K9
Al2
B9
A3
Al3
A14
D7
Bll
A28
C21
K20
G7
B12
B13
C22
E6
K21
J2

J3
A29
K22
A30
F12
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Appendix 4. Sample Mortality Report Slip

MORTALITY REPORT SLIP

Date ,2 ) 6 Project No.

Hen No. Y(';' ('/i Pen No.

History:

Diagnosis:
/ 4

/y/,
Vet. Dept. Accession No. /-/ /




