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PREFACE

In June of 1951, the writer was assigned to work with Dr.
George F. Godfrey as Research Assistant in the Poultry Depart-
ment of the Oklahoma Agricultural and Mechanical College.

In order to initlate studies on heritability of growth
rate and on physiological factors governing or associated
with growth rate, knowledge of sources of varlation are
necessary, Inadequaclies of present experimental data pre-
clude making sound recommendations to poultry producers con-
cerning date of hateh for optimm growth, These considera-
tions led to the research reported in this thesis,

The writer wished to express his appreciation to the
staff of the Poultry Department of the Oklahoma Agricultural
and Mechanical College for their helpful advice and criticisms
and expecially to Dr. George F. Godfrey, under whose super-
vision the experimental work was carried out. Dr. Godfrey
has been a constant source of encouragement and guidance,
and has offered invaluable constructive criticisms in the
writing of this thesis. Appreciation is also expressed to
Dr. Franklin Graybill, who outlined the method of statisti-

cal analysis,
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INTRODUCTION

Many factors, both envirommental and genetic, affect the
rate of growth of chicks. To make critical analyses of fac~-
tors affecting growth rate, it is highly desirable to know
the sources and magnitudes of the variations involved.

Physiological limitations preclude hatching an unlimited
number of chicks from each sire and dam at a given time, There-
fore the breeder or experimentalist must hatch several groups of
chicks at different dates in order to have a fairly large sample
of chicks with which to work, This is particularly true in stud-
ies of the genetics of populations because of the large sampling
errors involved, Naturally then, data secured from different
hatches is a possible source of variation, Therefore, in this
tl}esis, the variation between hatches was measured in order to
determine whether or not the data from individual hatches could
be pooled or should be treated separately in future work. From
the results obtained it was possible to make recommendations as
to when chicks grow best within the time limits imposed by the
data,



REVIEW OF LITERATURE

A review of the literature indicates that chicks hatched
early in the season grow better than chicks hatched in the
later part of the season, Asmundson and Lerner (1933), ob-
m data from four hateches of Single Comb White Leghorns
hatched at 15-day intervals which indicated that early hatch-
ed chicks grew faster than late hatched chicks, The differ-
ence between the growth rate of the early and late hatched
chicks indicated that enviromment influences growth rate.

These data show the importance of considering the environ-
ment when studying the inheritance of a physiological char-
acter such as growth rate. ILater, Lerner and Asmundson (1938),
working with Barred Flymouth Rocks and two strains of Single
Comb White Leghorns during 1935 and 1936, obtained two-, four-,
six-, and eight-week weights which indicated that early hatched
chicks tended to be heavier than late hatched chicks. Border
line significance at the 5 percent level was found for differ-
ences among the 1936 hateches, but the variation among the 1935
hatches was non-significant.

Hays and Sanborn (1929), obtained growth data from 1913
through 1928 for hatches at one-week intervals, beginning Feb-
ruary and continuing to April 11, They concluded that early
hatched chicks generally were heavier than late hatched chicks,
The first hatch was 12,98 percent heavier than the last hatch



at two weeks of age, 28,79 percent heavier at four weeks of age,
and 21,70 percent heavier at 16 weeks of age. They concluded
that high temperatures, which the lnﬁar hatches were subjected
to, retarded growth.

In investigations with turkeys hatched April 12 and May
2, 1932, and April 18 and My 30, 1933, Asmundson and Lloyd
(1936), found that the early hatched poults grew more rapidly
~ on the average than those hatched later in the season uwp to at
least eight weeks of age., Feed consumption figures indicated
that early hatched poults consumed 28,65 percent more feed per
bird to eight weeks of age than late hatched poults. Also,
early hatched birds consumed less feed per unit of gain during
the first eight weeks of age than did the late hatched ones,
They concluded that lower room temperatures due to lower out-
side temperatures may in part account for the more rapid ini-
tial growth of the early hatched poults,

Working with data obtained at the Missouri Agricultural
Experiment Station, Kempster and Parker (1936), and Kempster
(1938), established normal growth curves for White Leghorns,
Rhode Island Reds, and White Rock pullets, From these data
they concluded that the early hatched chicks grew faster when
young than did those chicks hatched in April or later, High
maximum temperatures during the summer months were largely re-
sponsible for the retarded growth of the late hatched chicks,

Work at the Oklahoma Agricultural Experiment Station by
Upp and Thompson (1927) with chicks hatched at two-week inter-



vals over the period of a year, indicated that winter and spring
hatched chicks grew more rapidly than chicks hatched in summer
and fall, Mortality was lower in:chicks hatehed during the win-
ter and spring months than for those hatched at other seasons,
Hj_.gh summer temperatures were largely responsible for the varia-
tion between hatches, Iater work at the Oklahoma Agricultural
Experiment Station by Jaap and Morris (1937), indicated that
hatch rrobably would contribute only a small emount to the total
variation in growth rate, When conditions of feeding and manage-
ment are identical and chicks produced within a relatively short
period, January 18th. to March 15th, variety, sire, dam, and sex
contributed 82 percent of the variance, The remaining 18 percent
of the total variance was caused by size of egg, time of hatch,
and physiological differencss due to envirammental responses

Winchester and Kleiber (1938), and Kleiber and Dougherty
(1934), réiaod chicks to 16 days or less of age under control-
led environmental temperatures, and obtained maximum growth rate
at a temperature of 69,8° F, Winchester and Kleiber (1938), ob-
served that chicks kept af lower temperatures consumed more feed
per kilogram than those kept at higher tempcratures. The rela-
tionship of feed consumption and environmental temperature seemed
to be almost linear., From digestion trials they concluded that
the availability of food dry matter was higher at 69.8° F. than
at either extreme.

Barott and Pringle (1949), raised chicks to 18 days of age
at controlled envirommental temperatures, and ébtained maximum



growth over the period from the 9th to the 18th day when tem~
perature dropped uniformly from 87° F, on the 9th day to 80° F,
on the 18th day. The efficlency of feed utilization rose from
a value of 0.43 on the 9th day to 0.49 on the 18th day. Growth
and efficiency of feed utilization became less as temperature
was varied either way from the range noted for maximm growth,
Hoffmann and Shaffner (1950), found a wide variation in
the secretion rate of thyroxin during different seasons of the
year, The secretion rate of thyroxin during the winter months
was 15 garma per day as determined by the thyroxin~thiowrdeil
technique, and 9,5 gamma per day during the summer months,
The interrelationships of endocrine glands and growth rate are
not completely understood and therefore, it is difficult to make
definite cause and effect statements,



MATERIALS AND METHODS

To study the source and magnitude of the effect of date of
hatch on growth rate, chicks from pedigree matings of the Okla-
homa Agricultural Experiment Station Strain of New Hampshires
hatched during 1951 and 1952 hatching seasons, were used.

Chicks from 103 and 121 dam families and & and 10 sire families
were utilized during the 1951 and 1952 hatching seasons, respec-
tively.

During 1951, chicks were hatched at two-week intervals,
beginning February 19, and ending May 7, with the.exteption
of the May 7 hatch, which was hatched one week after the April
30 hatch. During 1952, chicks were hatched at two-week inter-
vals beginning January 28, and ending April 7.

Chicks hatched during the 1951 hatching season were wing-
banded and placed in btrooder houses, except the April 16 hatch,
which was placed in battery brooders due to a lack of brooder
house space. This hateh was ‘h-annfui-red to brooder houses three
to four weeks later when sufficient space was available, Chicks
of all hatches in 1952 were intranasally vaccinated against New-
castle Disease at one day of age, and placed in WQr houses,
except for the March 24 hateh which was placed in battery brooders
due to insufficient house space. This hatch was transferred to
brooder houses three to four weeks later,

All chicks were fed the same starter ration (table 1) which
was considered adequate for normal growth, Mortality was record-



ed for each hatch to nine weeks of age. Floor space per bird
ranged between .7 and 1.0 square foot,.

A Taylor Maximum and Minimum Registering thermometer was
used to register the putsido maximum temperatures. The aver-
age maximum temperatures were c¢alculated for the nine week
growing period for each hatch.

All chicks were weighed to the nearest tenth of a pound,
and sexed at nine weeks of age.

A total of 3064 and 3609 chicks was raised during the
1951 and 1952 hatching seasons, raspectively. In order to
circumvent the statistical problems caused by unequal sub-
-class members, random selsctions of five male and five fe-
male chicks were made from each sire family in each hatch to
determine the effect of date of hatch on growth. The sources
of variation were subdivided into that contributed by hatches,
sires, sex, sire-hatch interaction, sire-sex interaction, ‘80X~
~hatech interaction, sire-sex-hatch interaction and the error
term, Variation due to dams was included in the error term
because of the reduction in dam numbers which would have re-
sulted due to the neceasity of having chicks from all dams in
all hatches. Therefore the error term was larger than the
actual value which would tene to reduce the *F® values.



RESULTS AND DISCUSSION

Average body weights, percent mortality, and average maxi-

- mun envirommental temperatures for each hateh are shown in
'Wl&ﬂd& These data indicate that two peaks of growth
'were found far chicks hatched during each year, The first peak
in 1951 was obtained with birds hatched March 5, and the second
peak was obtained with chicks hatched April 16, The first peak
in 1952 was obtained with chicks hatched February 25 and the
second peak was reached with chicks hatched March 24. It seems
that the trend of growth rates is nearly the same for both years.

The decline in growth rate in hatches after the first peak
might be explained by infections of cocecidiosis. Previous ex-
perience indicates that the first two or three hatches are usu-
ally unaffected by coccidicsis, but that later hatches are af- |
fected. Inexperienced brooder persomel are unfamiliar with
the early symptoms of coccidiosis, and therefore do not recog-
nize the presence of the disease in sufficient time to initiate
treatment. If a brood of chicks is more severely affected than
anot!;eaf, retardation of growth is gencrally more severe in the
former than in the latter case,

The second peak might be explained by better control of the
disease, Chicks in the March 24, 1952, and those in the April
16, 1951 hatch were started in battery MM‘. These data in-
dicated that chicks started in battery btrooders were heavier at

SR ek o aa Ahau Shoes BlATked ci the Tioor. THIS agress
with the work of Le Masurier and Branion (1938).



Generally, then, growth rate of chicks hatched from Janu-
axvzsmmmhlhmeé,andthmdmmsdforhaw@gaﬂar
March 1 with the exception of the April 16, 1951 and the Mareh
24, 1952 hatches, which were started in battery brooders,

The extent of mortality in all hatches for 1951 and 1952
was low, Mortality ranges from 1,57 percent for the Ja‘mary
28, 1952 hatched chicks to 5.87 percent for the April 30, 1951
hatched chicks, The February 19 and March 5, 1951 hatchas made
up the first peak in figure 1 with 2,47 percent and 2,93 per-
cent mortality respectively. When mortality increased, there
was a tendency for growth rate to decrease as shown with the
March 19 and April 30 hatches, Increased mortality was prob-
ably a result of coccidiosis infections, The reverse sometimes
happens as shown in the April 2, and April 16 hatches when an
increased growth rate and mortality occwrred, A possible ex-
planation of increased growth and increased mortality is that
one pen may have experienced a heavy infection of coccidiosis
with heavy mortality, while other pens were free from coccidi-
osis with 1ittle mortality and less retardation of growth,

Mortality percentages of 1,57, 2.04, and 1,77 were re-
corded for hatches making up the first peak of growth rate for
1952. A decrease in growth rate for the March 19 hateh was
accompanied by an increase in mortality to 2,47 percent, This
hatch might have been affected by coccidiosis which accounted
for increased mortality and retardation of growth, Sulfa drugs
were placed in the feed in sufficient time to reduce the mor-



tality, but not in time to reduce retardation of growth rate,
Mortality increased to 2.78 and 3.8, percent for the March 24
and April 7 hatches.

Mortality was lower for chicks hatched in 1952 than for
those hatched in 1951. The trends were similar with low mor-
talitj'beingrecordod forhntchmnptolﬁrchlaqdhigher
mortality being recorded for hatches after March 1, ILower
mortality for early hatched chicks than for late hatched
chicks may in part be explained by lower environmental tem-
peratures and reduced disease incidence.

Average maximum outside temperatures for the 1951 hatches
are given in figure 1. Temperature ranged from 61.,48° F, to
81.95° F. for the February 2 and May 7 hatches respectively.
Average maximum temperature increased approximately 3.5° F.
for each two-week interval between hatches,

Figure 1 indicates that the trend for average maximum
outside tempecratures for the 1951 hatches were similar to those
of the 1952 hatches as shown in figure 2, Average maximm out-
side temperatures ranged from 55,98° F, for the January 28 and
April 7 hatches, The range of 1952 temperatures averaged ap-
proximately 6° F. less than the range for 1951 hatches., Dif-
ferent hatch dates probably accoumnt for the differences in tem-
perature., Maximm growth rates were obtained with hatches grown
at an average maximm outside temperature of 63.,2° F. and 60,3° F.
for 1951 and 1952 respectively, Kleiber and Dougherty (1934),
Winchester and Kleiber (1938), obtained maximum growth rates



with chicks maintained at a brooder temperature of 69.8° F.
Chigks in their experiments were 16 days and less of age, The
average brooder temperatures were not available, but wide
fluctuations in Oklahoma weather conditions make it almost iw-
possibie to wraintain a constant temperature in brooder houses,
It is possible that the average maximm and minimm interior
temperatures might have explaimci\certain variations among
hatches., Low maximum outside temperatures which early hatched
chicks were subjected to may in part account for heavier chicks
with less mortality at nine weeks of age, P
Statistical analyses, table 2 and 3, of these data gave

"F% values which were highly significant for variation among
hatches, sires, sex, and sire-hatch interaetion. Hatch ccu-
tributed 3.65 percent and 1.46 percent of the total variation
in growth rate during 1951 and 1952 respectively. The aver-

age weight of chicks from all hatches during 1951 was 13 per-
cent less than those during 1952. The data of table 4 indi-
caie that the coefficient of variability is less for chicks
from hatches with higher growth rate than those with lower growth
rate, Chicks from hatches with a low coefficient of variability
would be more uniform, thus they would contribute less to the
total variation than chicks from hatches with high coefficients
of variability. Therefore, it is reasonable to assume that chicks
from hatches during 1952 were more uniform, and contributed less
to the total variation than those during 1951.



Differences among sires contributed 1.27 and 0.51 percent
of the total variation in growth rate during 1951 and 1952 re-
spectively. The sires were more variable in their contribu-
tions of genes for growth rate of chicks in 1951 tham in 1952,

-~ econtributing more to total variation in growth rate.

Variation due to sex accounted for a major portion of the
total variation, Sex accounted for 78,70 and 88,36 percent
of the total variation during 1951 and 1952 respectively. When
growth rate was retarded, males seemed to be mre affected.than
females. Females averaged 87 percent of the welght of tho males
during 1951, and only 8, percent during 1952, The greater range
between sexes is a possible expMuM' for the larger percent
of total variation accounted for by sex during 1952 than for
1951,

Sire-hateh interaction contributed only a very small
portion of the total variation,  Percentages of 0,73 and 0,87 |
were contributed by sire-hateh interaction during 1951 and
1952 respectively. Non-randomization of the chicks when placed
in brooder houses is a possible explanmation of the sire-hatch

interaction, Chicks from two or three sires may have been placed
. in each brooder house, Disease may have affected the chicks in
one brooder house more severely than those in another house,
thus leading to a sire-hatch interaction. An environmentiitiich
is more similar for related individuals than for non-related

ones, is apt to cause individuals with different genotypes to
Bave the sase phenotype (Lerner, 1950). Also there is a possi-
bility that a g.m—miranmental interaction is involved here,



Previous experience has indicated that a good produeing strain
of chicks bred in one section of the country may do very poorly
in another section of the country. Genes for growth rate might
bave an optimm enviromment for maximum efficiency; therefore,
it is possible that chicks from a sire may react differently
to different tempcratures or other conditions due to gene-
-envirommental interactions,

In conducting future experiments, it would be desirable
to randomize chicks in the various brooder houses, Non-ran-
domization may cause an enviromment to be more similar for re-
lated individuals than for non-related ones, It would aiao be
desirable to start all chicks in the brooder houses since those
started in battery brooders contributed more variation than those
grown in brooder houses. More experienmd personnel or better
training of present personnel would reduce the variation caused
by disease to a minimum, Information concerning the amount of
feed and efficiency of feed consumed by chicks of different hatches
to nine weeks of age may be desirable. -



TABLE 1
CHICK STARTER RATION

Percent/100
Ingredients 1bs./feed
Ground yellow corn 2545
Ground kafir 20,0
Wheat shorts 20,0
Alfalfa meal 5.0
Fish meal 6.0
Soybean meal 15,0
Meat and bone scraps 5.0
Steam bone meal 2.0

Vitamin Concentrate

5
1.0




TABIE 2

ANALYSIS OF VARIANCE OF NINE WEEK WEIGHT OF CHICKS

1951 HATCHES

Sm D.F L ] SQ S L ] H. s L ] F valm
Total 559 66,66 = AR
Hatch 6 10,04 1.67 23.,80%%
Sires 7 3.04 0443 6,00
Sex : 3 11,34 11,34 162,00%#
Hateh-Sex 6 0,40 0,07 1,00
Sire-Hatch 42 543 0,13 1,84%
Sire-Sex ' 7 0.98 (1% VA 2.00
Sire-Sex-Hatch 42 3.80 0,09 p I
Error 448 31.63 0,07

15

*% Significant at the 1 percent level



TABLE 3

ANALYSIS OF VARIANCE OF NINE WELK WEIGHT QOF CHICKS

1952 HATCHES

Source DJ'. SeSe MeSe F Value
Total 599 72,90 — ——
Hateh 5 6.64 1.33 19,00%s
Sex .47 2047 306, 71%#
Hatch-Sex 5 0422 0.04 0.57
Sire-Hatch 45 5408 0.15 2o14%%
Sire-Sex 9 0073 0008 1.14
Sire-Sex~Hatch 45 2484 0,06 0.86
Error 480 33.03 0.07

##gignificant at the 1 percent level



TABLE 4

COEFFICIENTS OF VARIABILITY OF NINE WEEK WEIGHTS OF CHICKS

1951 AND 1952 HATCHES

17

Hatch Date Av, Wt, Variance Standard Coefficient =
At 9 Wks. Deviations of
Lbs. Variability
Fﬂbo 19, 1951 1.97 01239 .35 .’.?'??%
Mar. 5, 1951 1.99 «1100 33 16.58%
Mar, 19, 1951 la& 00915 030 13.29’
Apr. 2’ 1951 1.86 00897 .30 16.07%
Ap’o 16, 1951 2.05 .0’7'79 .28 13.&’
Apr. 30, 1951 1.87 «1093 33 17.65%
My 7, 1951 1.76 J1158 o34 19.31%
Jan, 28, 1952 2,06 «1359 37 17.96%
Feb. 14, 1952 2.16 0991 31 14.35%
Feb. 25, 1952 235 1126 o34 14.46%
Mar, 10, 1952 2.10 +1192 .32 15.23%
Mar, 24, 1952 2.22 <1040 32 1u41%
Apr. 7, 1952 2,05 «0984 31 15.12%










SUMMARY

Data obtained from progeny of pedigree matings of New

Hampshires were analysed to determine the effect of hatch

date on growth rate of chicks, From these analyses it was

found that:

1.

Differences among hatehes, sires, sex and
sire-hatch interaction were highly signifi-
cant, Hatches contributed 3.65 and 1.46
percent of the total variation in growth
rate during 1951 and 1952 respectively.
Sires accounted for 1,27 and 0.54 percent
of the total variation in growth rate dur-
ing 1951 and 1952 reapectijoly. Variation
due to sex contributed the major portion of
total variation in growth rate, Sex contri-
buted 78,70 and 88,36 percent of the total
variation for 1951 and 1952 respectively.
Sire-hatch interaction contributed only 1.47
and 0,99 percent of the total variation dur=
ing 1951 and 1952 respectively. Highly sig-
nificant differences among hatches make it
desirable to use chicks of the same hatch
for studying the inheritance of physiologi-
cal characters.,



2.

3.

Chicks hatched before March 1 were generally
heavier and had less mortality than those
hatched after March 1,

Average maximum environmental temperatures
were lower for early hatched chicks than for
late hatched chicks. The higher growth rate
of early hatched chicks could be due to lower
environmental temperatures during the growing
period,
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APPENDIX I

The Model and Method of Analysis
Model of the Analysis:
Yjqmip By + Sy + O + (SH)gg + (HG)ax + (SG)gk +
(SHG)m-rEﬁn
iﬁmraluu;(hsmﬁm
H = Hateh
S = Sire
G = Sex
SH = Sire-hatch interaction
HG = Hatch-sex interaction
SG = Sire-sex interaction
SHG = Sire-sex-hatch interaction
Eijyy = Individual variation
i=1, 2, e¢ No N = Number of hatches
J=1, 2, ae M« M = Number of sires
k=12,
1=1, 2, s« Po P = Number of individuals
per sex, per sire, per
hateh,



EXAMPLE OF CALCULATIONS
USING DATA OF THE JANUARY 28, 1952 HATCH

Sex Male Female Male Female

mm l. 2’4 2.2 (A X E R R LR ¥ ] 2‘3 2.0
2" 2.2 2.1 PP ITREED 1.8 200
3. 1.8 1.4 *setesanses 2.0 2'0
4’ 2.6 2.0 [ Z X2 XTI R T RN J 2.5 1‘-6
5. 2.3 1.8 L2 2 2 X 2 2R 22 ] 2.° 1.9

Sex total 11s3  9¢5 cecccscsss 106 941

Sire total with hatch 20.8 ssssccssse 19.7

Total male SX's when X = individual weights in lbs, = 113.7

Total female SX's when X = individual weights in lbs, = 92.5

Hakall BOML = = o o o - . s . 00 -= 206,2

Average e e e, -—-————-- -—— - - - - --== 2,6

Calculations for other hatches are the same as shown
for the January 28 hatech,



Totals for all Hatches:

Sires

1

10

Hateh
Total

Janvary 28 hatch

Male Female

11.3 95
Sire total within hatech 20,8

mmz......l.

Hateh 3 o
Hatch 4 .
Hatch 5 .
Hatch , .

-

-

sessbsosEREDe

LA R 2 L 2 L 2 2 2l

L4

L2

L ]

.

Male Female
10,6 9.1

19.7

20642
206,42

Sex within sire

Sire total

64e5 582
122.7

Total SX's for males 64.5

Total SX's for females

N = 600

5842

LIRS R TR R T )

SsSsevaseanie

CALCUIATION OF SUM OF SQUARES

CoF. = (1296.1)2/600 = 2799.79

Total SX° =

(204)2 * sesssssees * (109)2 = CoFe

Hatch SX2 =

70,0 57.1=

127,1 =
70,0 =
571~

(@6.2)2/'1@ + ocescsses + (3!'8 Hn)zﬂ.OO - C,F, =
Sire SX* =
(122.7)2/60 + sescscse + (127.1)2/60 - C.Fe

1296.1
1296,1
7048
591.3

2.84



Sex SXR = |

(704+8)2/300 + (591.3)2/300 - C.F. 2 Ay
Hatch-sex SX° =

(113.7)2/50 4 eeveesse + (92:5)2/50 = (CoFe + H4G) = 0.22

Sire-hatch SX? =

(2048)2/10 # eeeecses + (19.7)2/10 = (C.F, + sire «+ H) = 5,08
Sire-sex SX2 =

(645)2/30 + cecenvee + (57.1)2/30 = (C.F. + sire + G) =  0.73
Sire-sex~hatch SX%&

(1163)2/5 + cosssees + (921)2/5 — (C.F, 4 sire 4 G+ H) = 2.8



APPENDIX II
COMPONENT ANALYSIS OF VARIANGCE
FOR CHICKS TO NINE WEEKS OF AGE FOR HATCHES IN 1952

Source of Mean " Mean .Squar' e
Variation Square is an
_ Estimate of

Hatch ; 1.33 02 3 10 0=2sh + 1000-2h
Sires | _. "~ 0y32 o2 4 §0o~2s
Sex (g) 2147 . 0=2 4 300~2sh-+ 3000-2g
Sex~hatch 0.04 _ o2 4 5o-2;hg4 500~2g
Sire-hatch 0.15 02 + 100-2sh
Sire-sex 0.08 0-2 4 300-2sf
Sire-sex-hatch . 0.06 0~2 4 50~<hsg
Individuals e Y 0~2 '
h = Hatch
8 = Sires
g - Sex

gh = Sex-hatch
sh = Sire-hatch
sg = Sire-sex
sgh = Sire-sex-hatch
To estimate relative influence of hatch, substitute
in appropriate formula : 1.33 - (0.08 + 0.07) /100 = 0.0118 =
0.8122 = 1.46 percent of the total variation contributed by

hatch.
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