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IRTRODUCTICH

The consumer's demand for brollers is increasing yearly.
To meet this increased demand, broiler producers are growing
broilers throughout the year. This practice in turn has
brought about a demand for broiler chicks at all seasons of
the year. A regulation of the National Poultry Improvement
Plan requires that eggs belng set during the months June
through November inclusive weigh 2 minimum of 1 10/12 ounces
each. As most hatchery flocks are replaced yearly, hatchery-
men have a problem of obtulining sufficlent hstching eggs
which meet this weight requirement. It is believed by some
broiler producers that chicks hatched from eggs weighing less
than 1 16/12 ounces grow as satisfactorily as do chicks

hatched from larger eggs.

Hatcherymen have observed that chicks may hatch from eggs
from the twentieth through the twenty-second day of incubation.
It appears that those chicks which emerge early are nore vigor-
ous. Hatcherymen have often asked whether early-emerging chicks
have any advantage in growth over late-emerging chicks at broil-
er age.

As these questions were asked by the hatcherymen and
broiler producers of Oklahcma, this investigation was under-
taken.

The objectives of this investigation are the following:

1. 7To determine the effect of egg size on
growth and reproductive performance.

2. To determine the effect of rapidity of
hatching on growth and reproductive
performance.



3.

To determine the effect of egg size on
rapidity of hatching.



REVIEY OF THI LITERATURE

Because this investigastion deals with several problems
the review of the literaturs will be divided into the follow-
ing parts: the effect of egg size on growth, the effect of
ege slze on egg production, the effect of emergent period on
growth, the eifect of emergent period on reproductive per-

formance, and factors affecting length of incubation.

The Effect of Igg Size on Growth

Benjamin (1920) found that a significant postive corre-

lation exlsts betwesn es

gg size and the size of the chick
hatched from the egg. Halbersleben and HMussehl (1922), Upp
(1927), Waters (1931), Craham (1932), and Munro and Kosin
(1940) added further evidence that chick weight and egg welght
are closely and postively correlated. The correlations
between egg welpght and chick weight obtained by these workers
range from 0.83 to 0.95. Jull and Quinn (1925), and Hays and
Sanborn {(1929) have shown that chicks hatched from eggs of
yearling hens tend to have a higher mean weight than chicks
hatched from pullet eggs. This is probably because the eggs
from yearling hens tend to be heavier than thiose of pullets.
Galpin (1938) reported a seasonal fluctuastion in the depend-
ence of chick weight upon egg weight. The highest correlation
between these two variesples was found in March and April, while
the lowest was found in July. These seasonal changes in the
dependence of hatching weight on egg weight have been inter-~

preted by Calpin as the expression of a varying maternal
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metabolism, the changes in the metabolic rate being related
to thyroid activity. Penquite and Milby (1941) found that
chicks from hens fed low levels of protein were larger and
the chicks from hens fed high levels of protein were smaller
than would be expected on the basis of egg size alone. They
concluded that about 12 percent of the variation in chick
weight at hatching time is due to factors other than varia-
tion in egg welght. They obtained a correlation between egg
weight and chick weight of 0.94. Skoglund and Tomhave (1949)
reported that the initial weight of the chick increases as
the weight of the egg increases. Byerly (1932) concluded
that the rate of growth of the chick embryo depends upon an
inherent growth rate. This inherent growth rate is probably
identical for all breeds. The rate of growth of the embryo
was shown by Byerly to be modified in direct proportion to
egg size.

Benjamin (1920). reported that the significant postive
correlation between the size of the egg and chick weight per-
sists for a period of 128 weeks of age. Hays and Sanborn
(1929) reported that in Rhode Island Reds the weight differ-
ence at day-old persisted at h weeks of age, when the chicks
from the large eggs were 26.9 percent heavier than the chicks
from small eggs In the extreme classes. At the age of 21
weeks they found that this welght difference in chicks had
disappeared. They further found that the hatching date of
Rhode Island Reds ranging over lj9-day period affected the
weight of chicks throughout most of the growing season. The



difference in mean hatching welight of the chicks In the first
and last hatches was not striking, but early hatched chicks
were 12.90 percent heavier at 2 weeks of age, 28.79 percent
heavier_at li weeks of age, 21.70 percent heavier at 16 weeks
of age and 17.12 percent heavier at 21 weeks of age than
the late hatched chicks. Skoglund and Tomhave {1949) obtain-
ed results which show that chicks produced from eggs weighing
27 to 30 ounces per dogzen were heavier at 12 weeks of age than
chicks from smaller eggs. In this study no statistical anal-
ysis was made. They found that broilers produced from eggs
welghing at least 22 ounces per dozen grew satisfactorily.
Habersleben and Hussehl (1922) found that at 3§ days of
age chicks from large eggs had no welight advantage over chicks
hatched from small eggs. Upp (1927) reported that day-old
chick weight of Rhode Island Reds was an unreliable index of
the chick weight when two, four or twelve weeks of age. He
observed that réte of growth was in most cases independent
of ehick size at hatching. éallenbach (lQB&), using Barred
Plymouth Rocks and White Leghorns, found no relation between
pullet chick weight and subsequent body weight at 3, 8§ and
16 weeks of age, or at sexual maturity. NeClung and Smith
(19L9), using White Wyandottes, obtained a postive corre-
lation which was non-significant between egg welght and 12-
week weight. Working with turkeys, Scott and Phillips (1936)
observed that egg weight is highly correlated with day-old
ﬁeight, but not with subsequent welght except for the two-

week weipght of the males. Hays and Sanborn (1923) have shown



that the age of the dam affects the growth of the progeny.

They found that the weight of chicks from hens was 5.01 per-
cent heavier than chicks from pullets. It is well known that
eggs from hens are generally heavier than those of pullets,

and therefore chicks from hens would be expected to be heavier
than those hatched from pullet eggs. At L4 and 16 weeks of age
the chicks from hens were B.62 and 6.97 percent heavier respec-
tively than the chicks hatched from pullets. At 21 weeks of
age there was no significant difference in weight between the

two groups.

The Effect of Egg Size on Egg Production

There 1s no information regarding the effect of size of
the egg from which the pullet hatches and egg production. As
Funk and Kempster (193l) have shown that dams which lay large
eggs tend to produce daughters which also lay large eggs, a
discussion of the relationship of egg production and egg slze
should be included.

Atwood (1923) found that heavy layers laid eggs at least
as large as the average for the breed or strain. Parkhurst
(1925) reported no significant correlation between the 365=-
day record and the mean egg weight for that period. Atwood
and Clark (1930) confirmed the findings of Parkhurst. They
found that a bird which lays a large number of eggs is as
likely to lay large eggs as small ones. Bennion and Warren
(1933) reported that the higher producing birds maintained a

larger mean weekly egg size throughout the year than did lower
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producing birds. Marble (1930) found that high egg produc-
tion is accompanied by decreased egg size due to increased
length of cycle. Low egg production is accompanied by de-
creased epgy size due to lack of vigor. He concluded that the
maximum egg size in any group studled was obtained from those
birds laying approximately the mean production of that group.

The Effect of Emergent Period on Growth

Hays (19li1) could not show any relatlon between length
of incubation and body weight of pulléts at six months of age;
but he did find that cockerels, which emerged early, were
slightly heavier at six months of age than those which emerged
later, He also was unable to find any relation between length
of incubation and body weight of pullets at sexual maturity,
or at the end of the first laying year. Henderson and Champion
(1948) observed the relationship between the incubation period
for chicks of several breeds and the weight of the chicks at
8 weeks of age. They found that chicks emerging first showed
a tendency to be heavier at 8 weeks of age than those emerging
last, but in only one group was the correlation sufficiently
high to be significant., However, egg size and age of eggs

were controlled variables in their exzperiment.

The Effect of Emergent Perlod on Reproductive Performance

Hays (1941) found that very early emerging pullets are
likely to be slightly earlier in reaching sexual maturity
than late emerging ones., He found that more eggs before March
first may be expected from early emerging pullets. As the
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length of incubation period increases, Hays found that there
was a consistent decline in annual egg production. It 1s
possible that this difference in egg production, as shown by
Hays, is due to the difference that he has observed in sexual
maturity. He also observed that early emerging pullets are
likely to be more persistent layers than late emerging pullets.
Smyth et al. (1949) were unable to find any important differ-
ence in the egg production of early hatching pullets and late
hatehing pullets for the first six months of production.

Factors Affecting Length of Incubation Period

As this 1s a study involving rapidity of hatching and
its effect on growth and reproductive performance, some con-
sideration should be given to normal variation of incubation
period as well as factors which may affect rapidity of hatch-
ing.

Normal Variation in Incubation -- Bergtold (1917) defines

length of incubation as being the number of days or weeks nec-
essary to completely hatch the young. He lists the incubation
period of the domestic hen as 21 days. Byerly (1933) reported
that eggs from hen vary in duration of incubation from 80 hours
(20 days) to 522 hours (21 3/l days). Romanoff et al. (1932)
state that in commercial incubators the peak of a hatch 1is
reached at about the twentieth day of incubation. Olsen and
Winton (1941) found that 90 percent of the chicks hatch be=-
tween the twentieth and twenty-first day of incubation, but

there may be a difference of as much as [0 hours between the
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first and last chick to emerge. Smyth and Howes (1949), study«
ing the inheritance of length of incubation period, observed
that in their original stock the first chick hatched after 20
days and L hours of incubation, while the last one hatched
after 21 days and 20 hours of incubation.

In a discussion of incubation periods of birds, Bergtold
(1917) states that the true incubation period varies little
with each species or subspecies under optimum conditions. He
finds that the true length of incubation can be shortened arti-
ficlally with extreme difficulty, but may be prolonged with
ease. He concludes that a bird's temperature determines or
fixes the true length of its incubation period, and that only
an abiding change in the birds temperature can permanently
alter the true length of its Incubation period. Although
Bergtold believes the true or specific length of incubation
is a deep-seated, inelastic and persistently unchanging char-
acter, Smyth and Howes (19&9) have been able, by selection,
to lengthen the average incubation period of the hen by 20

hours.

Variations in Development of Embryos of Hen's Eggs

Nicolaides (1933) observed, through cytological studies,
that the blastoderms of eggs lalid by high hatching hens are
further advanced at the time of laying than those laid by hens
of low hatchability, regardless of the time of laying. Hays
and Nicolaides (193l) confirmed these findings. Taylor and
Gunns (1935) did not find the size of the embryo to be cor-

related with the hatchability of the dam. They did observe
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that the first egg in a cycle of consecutively produced eggs
contained a larger embryo than other eggs of the cycle. They
concluded that one major cause of differences in embryo size
appears to be the length of time the egg is retained in the
oviduct. McNally and Byerly (1936) reported that embryos

from fresh fertile eggs, after being incubated for 48 hours,
showed a variation in development of from 9 to 26 somites.

The average number of somites of embryos increases with the
length of time btetween eggs of a cycle. In eggs from individ-
ual hens, the number of somites increases with egg weight when
eggs weigh above a minimum value for the hen at that time.
Neel (1942) confirmed the work of Nicolaides (1933) and Hays
and Nicolaides (1934). He also found that rate of embryo
development appears to decrease with the age of the hen.

BEgg Size -- Bergfold (1917) found that egg size, within
the Avian Class, is loosely related to the true length of in-
cubation. Byerly (1933), reported that large eggs generally
require a longer incubation period than do small eggs. His
reasoning is that the heavier the egg, the more growth in
proportion to egg weight that must be made after eighteen
days of incubation to bring the chick at hatching time to its
usual percentage of egg weight, and hence a longer incubation
period is required. Huggins and Huggins (1941) state that
previously presented evidence would indicate that there is a
genaral.postive correlation between egg weight and length of
incubation. Olsen (1942), using turkey eggs, found that small
eggs required 3 to l; hours less time to hatch than large eggs.
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Hays (1941) could not show the length of incubation period
to be affected by weights of eggs 1n [j30 dams studied.

Egg Storage and Incubation Period -- Wood (1905) observed

that fresh eggs hatch earllier and that the chicks from them
are stronger than those from older eggs. Waite (1919) report-
ed that the deterioration In hatching quality of eggs with age
is slight up to the sixth or seventh day but after this period
the rate of deterioration 1s very much accelerated and varies
almost directly with age. Byerly (1933) and Funk (193)) found
that duration of incubation varied directly with the length

of storage period. Funk (1934) reported that eggs which were
held from fourteen to twenty-one days required from 1} to 18
hours longer incubation than did those which were held for
less than eight days.

Incubation Temperature and Incubatlion Pericd -- 1In

natursl incubation, as shown by Huggins (1941), there is no
one absolute temperature, but a range of temperatures through
which an egg can develop normally, and the young hatch. Under
artificial incubation conditions using forced draft incubators,
egg temerature should vary little. Phillips and Brooks (1923)
have shown that temperatures above the optimum resulted in an
early hatch. Barott (1937) reported that the higher the tem-
perature, the greater was the energy metabolism, consequently
the more rapid the development of the chick and the earlier
the hatch. The length of incubation period varied from 19%
days at 103.5°F. to about 23% days at 96°F. At 100°F. hatch-
ing took place at sbout 20} days. Romanoff et al. (1932)
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state that the time of hatch is most influenced by extremes
of temperature during the first week of incubation. They
also found that low temperature has a more pronounced influ-
ence in delaying the hatch than high temperature in shorten-
ing the hatch. They found the range of distribution of the
hateh to be noticeably wide only under a prolonged exposure
to an unfavorable temperature. Romanoff and Faber (1933)
found that hatching occurred one-half day or so earlier than
usual at high temperature, and was very irregular and delayed
for about two days at low temperature.

Hormonal Control of Incubation Period -- Wheeler and

Hoffman (1948) reported that chicks from hens fed varying
levels of thyroprotein in their diets required longer periods
of incubation. They conclude that delayed hatching may be
due to: (1) reduced rate of embryonic development as a re-
sult of a deficient maternal hormone, or (2) ineffective
functioning of the chick thyroid during the last half of
incubation.

Factors Which May Influence Incubation Period -- There

are factors which have been shown to have an affect upon the
growth of the embryo at varlous stages. Although no workers
have shown these factors to have an influence on incubation
period, 1t may well be that these factors have some influ-
ence.

Romanoff (1929, 1930) observed that the growth of the
embryo was somewhat hastened at high humidity, and retarded
at low humidity.
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Cruz and Romanoff (19l).) reported that the early
growth of the embryo is accelerated by exposure to oxygen
concentration above 21 percent. Meshew (19),9) showed that
the hatching weight of chicks and poults incubated in an
atmosphere conbtaining 25.5 percent oxygen was slightly
higher than those incubated under normal atmospheric condi-
tions. The average two-week weight of chicks receiving
additional oxygen during Incubation was slightly higher than
the sverage two-week welghts of chicks which did not receive
additional oxygen.

Romanoff (1930) obtained results which indicate that
moderate amounts of carbon dioxide (about 0.l percent) stim-
ulates the growth of the embryo during the first few days
of incubatlion. Increasing amounts of carbon dioxide re-

sulted in slow growth and early embryo mortality,
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vestigation were obtained from the Oklahoma Shation strain
of Hew Hampshires. our triasls were conduched to study the
effect of egg size and rapidity of batching on growth and
reproductive performance. Trial 1, which included 10 groups

of cggs, wag hatehed betwsen Fobruary 5 and 1&, 19&C; Trial 2,
which included 5 grouns of eggms, was habtched baiween April 26
and 320, 19@9; Trial 3, which included 2 groups of eggs, was
hatched Wovember 26, 1@&9, and frial i, composed of but one
group, was hatchsd Februsry 2, 1950, |

Trials 1 and 2 were conducted in the following mannsr.
The eggs were obbalned from & flock wating. Xach egg was
pedigreed as to the hen's number and the date it was laid.

The eggs were gathered twice dally, then sorted into holding

£
trays. The eggs were held at desirable holding temperatures
for four days as this was congidered the average number of

days eggs are held before being brought to the hatchery. As
Byerly {(1933) has shown egg slize to be a Factor affecting
length of incubation, each egg was welghed to the nearest half
gran.,. After being weggled the eggs were trayed and placed Into
a modern incubator. Instructipns of the manufacturer were fol-
lowed in the opsration of the incubator. On the sighteenth

day the eggs were candled and each fertile cgg placed in an

individual basket for hatching. 2

W

cardboard tag, secured to

each basket by wire clips, was used to record data pertinent



to the egg involved.

Seven emergent periods spaced elght hours apart were
eastablished; the first beginning at 3:00 P.M¥. on the twenti-
eth day of incubation and the last period concluding at
3:00 P.¥. the twenty-second day of incubation. At the end
of each emergent period, the hatcher was opened and each
basket was checked for a chick. If a chick had emerged, the
emergent period was marked on the tag attached to the bhasket.
Opening of the hatcher did not greatly effect temperature, as
the drop in temperature was usually less than £ degrees. At
the end of the last emergent period, the chicks were removed
from the baskets, weighed and wingbanded.

Alfter hatching the chicks were placed in brooders and
fed a ration considered adequate for good growth. The chicks
were weighed at 2, lj, 6, 8, 10 and 12 weeks of age. At li weeks
of age Trial 2 chicks were vaccinated with live virus Kewcastle
vaccine.

In Trial 3 only egg weight and growth were considered.

In this trial eggs were collected for eleven days before being
incubated. The eggs were welighed to the nearest tenth of a
gram, set in the incubator, candled at 18 days, and then each
fertile egg was placed in a separate basket for hatching. The
chicks were weighed at weekly intervals until 12 weeks of age.
At l} weeks of age the chicks were vaccinated with live virus
Newcastle vaccine,

In Trial i the eggs were collected for seven days. At

the end of seven days, the eggs were welghed to the nearest
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tenth of a gram and placed in the incubator. The eggs were
placed in the incubator at the same time of day as in Trials
1 and 2, On the eighteenth day the eggs were transferred to
individual bvaskets. The same emergent periods were used as
in Trials 1 and 2. In this trial at the end of each emergent
period those chicks which had hatched were removed from the
baskets. As soon as the chicks had been weighed and wing-
banded, they were placed in the brooder house where feed and
water were aﬁéilable. This procedure was followed because

of' the possibility that any advantage chicks gained by emerg-
ing early might be lost while they remained in the incubator
to the end of the hatch. All night lights were used for the
first week in order that chicks placed in the brooders at
night could find feed and water.

To study the effects of egg size and emergent period on
reproductive performance, pullets from Trials 1 and 2 were
used. At twelve weeks of age the pullets were placed on ber-
muda grass ranges. While on range the birds were fed growing
mash and grain. At twenty weeks of age the pullets were housed.
Trial 1 pullets were housed June 30, l@h?, in two 20 by 20 foot
straw loft pens. Trial 2 pullets were housed September, 1949,
in a 32 by 32 foot straw loft pen. At housing the pullets
were weighed and leg-banded. The birds were fed laying mash,
free choice, and a grain mixture in the litter. The pullets
received morning lights from early fall until spring. Pullets
in Trial 1 were trapnested eleven months and pullets in Triél b

eight months. No culling was done at any time. HNortality
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rates from all causes were considered, Age of sexual matum
rity and the number of eggs laid were the only factors conw
gidered under reproductive performance in this study. Two
methods of calculating epgg préduotion were used. The first
method included the egs praduction of only those birds alive
at the end of the stu&y; the second method Included the egg
producﬁioa of all birds housed.

| Pulletsg in Trial 1 conﬁacﬁed Hewcastle in HNovember,
=19ﬁ9; while pullets iIn Trial 2 were immune due to previous
vaccination.

Simple correlation coefficients were obitained using
the formula of Chambers (1946) in order to determine if any
relation exists bebtween cgg size and growth to 12 weeks of
agé,‘and egy size and reproductive performance. This same

method of anslysis was used to determine any possible rela=-

x

¥

'-.!.

onship between emergent period and growth to 12 weeks of

age and repreductive performance.



RESULTS

Effect of Xigg Size on Growth

A total of 693 male and 735 female chicks were hatched
in four different trials and grown to twelve weeks of age in
order to debtermine the sffect of egg size on growth. In
general, little relationship exists between egg size and
growth at twelve weeks of age., The results of these trials
are shown in tables 1, la, 2, 2a, 3, 3a, L, ha, 5 and Sa.

All data were divided into 5 gram egg-welght classes with
the totals for all classes included, This was done in order
to minimize the advantage early emerging chicks gain in
growth, as was indicated by the findlngs of Hays (1941)

and Henderson and Champion (1918).

For the totals in all trials a highly significant
positive correlation was obtained betﬁeen egg slze and day-
0ld chick welight for both sexes. Within the 5 gram egg-
weight classes highly positive correlations were found
except where the number of chicks involved were small,
indicating that chicks from large eggs are larger at hatch-
ing time than chicks from small eggs.

Positive highly significant correlations for the totals
were obtained between egg size and growth for both sexes at
one, two, and three weseks of age except for the fewales in
Trial 1, ¥No explanation can be given for the non-significant
value found in Trilal 1 females except one of statistical inter-
pretaﬁion. It might be due to the "one-in-twenty" of sampling

probability. Within the 5 gram egg-weight classes both
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poasitive and negative correlations were found indicating
that within a =small egg size range there was little relation-
ship between egg size and growth at these ages.

Poth highly significant and significant correlations
were obbained between egg size and growth for both sexes
at four, Tive and six weeks of age for the totals in zll
trials except Trial 2 males and Trial 3 - 501, males and
females. This indicates that with chicks from egoae with a
i3 to 75 gram range there was some relationship between egg

size and growth at these ages. The results within the 5

&

3

gram sgeg=-veight classes vary. In general, little relation=-

shino was found to exist bhetwsen ag

£ Loty

g size and growth at these

After six wesks of age the rasults vary., Both signifi-
cant and nonesignificant correlations were obtalned betwsen

sz size and growth for the totsls. The major effect of

C‘(“

ege size on growth appears to have been overcome by six
weeks of mge In most of the Ltrials,
At twelve weeks of age a positive correlation for all
totals still exists bebtween egg size and growth for both
sexes except for Trial 3 - 501, fermales. Only with T?ial 1
males and Triel 2 females were correlations gtatistically
significant, By twelve weeks of age no apparent and consist-
ent adventape appears to exist between egg size and growth,
Pogitive but none-significant correlations of 0,058 and
0.087 were obtalned between egg size and growth at twenty

weeks of apge fmr females of Trials 1 and 2 respectively,
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indicating no relation betweon egg size and growth at this age.
Althourh there was little relationship between egg size

and growth at twelve weeks of age, the range of egg welghts

involved affected the time required bto overoone egr slze, .

Ag was found in the 5 gram egg-weight classes, chicks from
egzs with a small range in welght were able to overcome the

influence of egg size within a shorber time than chicks from

eggs with a large range in welght,

Effect of Ege Size on Reproductive Performance

A total of 323 pullets housed in two trials were trape
negted in order to deﬁermine the effect of sige of the.egg
from which the pullet hatched onm reproductive perfornmance.

No apparent relatlionship exists bebween the size of the sgg
from which the pullet hatehed and sexual maturlty or egg
production.

In Trial 1 a positive correlation of 0,006 and in
Trial 2 a negative correlation of 0.1l1l7 were obtained be~
tween the size of the egg from which the pullet hatched and
sexual maturity. The average age of sexual maturlity for
Trials 1 and 2 was 185 and 190 days respectively. This was
probably a true difference in age of sexual mabturity even
though there was twolmonths difference in date of hatch. The
pullets in Trial 2 received artificial lights which gave them
epproximately the same length of day at age of sexual matur-
ity as the pullets in Trial 1. Byerly and Knox (1946) have

shown that artificial lights at the time of sexual maturity

modifies the effeclt of time of hatch on age at sexual maturity.
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A gignificant negative correlation of 0.212 was obtalned
tween the gize of the sgy from which the pullet hatehed and
ege producticn of the aurviving pullets, and a non-significant
7,

i

negative correlation of 0,039 was obitalned bebween cgg size

from which the »ullzsi hatched and ezp production of zll

cF

pullets housed for Trial 1, In Trial 2 non-significant
positive correlations of 0.140 and 0.13L were obtained between
egz size from which the pullet hatehed and sgg production of
the surviving pullets and all pullets housed respectivelye.
Tis indicates that in both trials little relation exists
between size of the egg from which the pullet hatched and

egg production; The average egg production on a2 hen-~housed

vasis was 92 eggs for Triasl 1 and 83 eggs for Trial 2 for

o

periods of 11 and 0 months respectively.

Effect of Emergent Period on Growth

A total of 181 male and 500 female chicks were hatched
in three trials and grown to twelve weeks of age in order to
determine the effect of emergent period on growth. Harly-
emerging chicks showed 1ittle adva rta ¢ in growth when they
were left in the incubator until the twenty-second &ay of
incubation, but they did show a slight advantage in growbth
when they were removed from the incubator soon after hatche
ing and given feed and water. The resulbts of these trials
are shown in tables 6, ba, 7, 7a, 8, Ba and 9, The data
were divided into & gram egge-weight classes in order to

mininmize the elffect that egg slss has on emergent period

(B};erly, 1933) .



Within the 5 gram egg=-weight classes both positive
and negative correlations were obfained bétwe@n egg size
and smergent period. Only in Trial 1 males and in Trial 1
femaless was a significant positive correlation obtained in
the 5§ gram egg-weight classes, In genersal, there was no
relation between egg size and ewmergent period within the
claszses.

In Trials 1 and & highly significan®t positive correlations
were obbtalned between emergent period and day-old chiclk weight
for the totals for both sexes. In Trial l| negative correla-
tions were found for the totals for both sexes. The
differences that were found may be explained by the fact
that chicks in Trial Ik were removed from the incubator soon
after hatehing and weighed, while those chicks in Typials 1
snd 2 remained in the incubator until the twenty-second day
before being weighed., Thus, the chicks in Trial l} lost
little weight while thosze in Trials 1 and 2 lost weight
because of thelr prolonged stay in the incubatores Both
positive and negative correlations were obtained between
emergent periocd and day-old chick weight in the 5 gram
egg-welght classes indicating little relationship between
emergent period and day-old weight,

In Trials 1 and 2 positive correlations were obtained
between emergent period and two week welght for the totals
of both sexes except for Trial 2 females, After this tinme
a majority of the correiations'between emergent period and

growth to ten weeks of age were negative except for Trial 2
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males, In Trial L negative correlations were obtained
from one week of age to 12 weeks of age for the totals of
both sexeg except for the males at four weeks of age. The
chiecks inm Trial L were removed from the incubator soon after
hatehing and were given access to feed and water, Thus
they were ablﬂ to maintein the advantage gained by emerging
garly.

Won=significant positive correlations were obtalined

betwean emergent period and growth at 12 weeks of ags for

the totals Tor the males and fermalss in Trial 1 and ths

U

Trial 2, and negative correlations were found for

=t
=
&=
ot
G
L]
e
=
3

the totals of Trial 2 females and Trial |l males and females,
ifons of Trial 2 and & females were significant,
The difference ohserved here may be due to environmental
factors influencing growth and the time the chicks were
removed from the incubator. In general, early emerging
chicks maintain a slight advantage in growth at twelve weeks
of age, especially when they are giﬁen access to feed and
water shortly alter emerglng from the shell,

At 20 weeks of age, as shown in tabls G, pullets in
Trial 1 showed 1little relation between emergent period and
growth, while in Triel 2 the pullets which emerged early

were larzer than the pullets whnich emerged later,

|25
jor)

Effect of Imergent Period on Reproductive Periormance

A total of 323 pullets were housed in two trials and

A
0neg

cwb
]

trapnested in order to determine sffect of emergent
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period cﬁ reproductive performancé; Generally, pullets
which emerge early reach sexual naturity sooner and lay a
few more eggs than the pullets which emerge later. The
relationship of emergent period to sexual maturity 1s ého@n
in table 10, while the_relations%ip,of emergent period and
egg production 1s shewn in téﬁle 11.

The results of Trial 1 shéw 1ittle relationship between
emergent period and sexual maturity, while the results of
Trial 2 indicate that early emorging pullets mature earlier
gsexually then the later emerging pullets. The source of
variation mey be due to the environment under which the
pullets were grown, or to the difference in the date of
hatch. The pullets in Trial 2’wefe growvn during the warmer
part of the year and hatehed two wmonths later than Trisl 1
pullets,

The egg production of sll surviviag pullets of both
trials indicate that the eérly emerging pullets lay a few
more eggs than the late emerging‘pullets. - Based on the egg
production of pullets housed larger differences of egg
production were found between the early enmerging pullets_and
the laﬁe emerging pulleﬁs. It is possible a part of the differ-
ence in egg production was due te the fact that early emerging
pullets reached sexual maturity sooner than the latsiémerging

pullets.,

- Effect of Egg Size on Emergent Period

There ha?a.been conflicting data concerning the effesct

of egg size on emergent period. Pyerly (1933) reported that
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larger eggs generally reguire longer incubation periods.
Hays (1619), using the mean egg weight of the first ten

gs laid during the hatchlng season as a measure of egg
weilght, could show no relation between egg size and langth
of incubation of 130 éams studied. The range of egg weights
in Byerly's data was from 52 to 57 grams, while no range is
given for Hay's data, |

Table 12 shows the relation of emergent perlod and egg
size, The egg weights in this study range from 6 to 75 grams
with a mean egg weight of 61.1h + L, 68 grams., The average
emergent psriocd was l.500 + 1. 162, This corresponds to the
firet helf of the twenty-first day of incubation. When the
three trials were combined a highly significant positivé
correlation was cbtalned indicating that larger eggs reguire
a longer period of incubation than do smallveggs. Only in
Trial . was a non-gignificant correlation found,

Within the § gram egg-welight classes as seen in tables
6, ba, 7, 72, 8, and Ba little variation in emergent period
was found. AS the mesn egg welght increases for each © gram
egg-weight class, there was a general increase in the mean
emergent period for both sexes,

The results of these data tend te show that chicks fronm
1arge eggs emerge later thern do chicks from smaell eggse. This
would confirm Byerly's {1923) finding but apparently the range
of egp welghts involved has & definite bearing on the results

obtained,.
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Hge Weight and Sex Ratlos

The results of this study, a8 shown in table 13, con=-
firm those of Jull (192l1), Jull and Quinn (1925), and
Iiunre and Kosin (19L0) showing that there is no apparent re-
lation between oegg weight and sex ratios. No significant
chi square values wore obtained in thes e data.

The data were further divided into two groups. Group
1 was composed of eggs weighing botween 13 and 58.9 graus
and Group 2, eggs wolghing between 99 and 75 grams. Non=
significant chi square valuﬁs,of‘0.78 for Group 1 and 1.03
for CGroup 2 were obtalned indicating no apparent relation

between egy weight and sex ratilos.

Emerzent Period and Sex Ratios

The data in table ih show that females predominate
within the early emergent periods, while males prevail in
the later perlods. This confirms the work of Havs (1941}
working with chiclkens, and of Fronda and Infante (1946)
-using ducks. The totals of the three trlals shouw only
emergent periods three and soven with siganificant values,
The daba were divided into two groups; emergent periods
one to four composing Group 1 and emergent perlods five to
seven Oroup 2.  In the former group, 212 males and 286 fe-
males were obbained and in the latter group, 259 males and
220 females. Chi square values of 10,99 (P\.01l) and L.91
(P>,05) respectively were obtained, The mean emergent pere
iod for all male chicks was k665 + 1.157 while for female

chicks it was l;.368 4+ 1,56k,
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These resullts indlcate thal females predominate in
the Tirst halfl of the hateh and males in the second hall,.
Perhaps this is an indication of o higher me abolic rate

for females than lor males,

Imergent Period and liortality

Table 15 shows the velation of emergent period and
morbality to twelve weeks of age. In Trials 1 and 2, 31.1
and 18.3 percent mortality was recorded. In these trials
there was a slight trend to higher mortality in the late
emerging chicks. In Trial b which had a low mortality,

2.% perconb, t‘ls trend was reversed., When all dats of the

three trialis were combined, there appeared to be no rela-

ets

tion between ewergent perlod and viability. This is not in

2l

accord with the resulbs of Hays (19L1) who found early emer-

»

ging chicks Yo be more viable. The difference observed be~

&

tweon these and Hays's results may be due to the extreme
variation ol mortallty recorded in this study.

Table 16 shows the relation of emergent periocd to
wortality in the laying house. Little relation was shown
between emergent period and viability, confirming the work

of Hays (19h1).

Chick Welght and Sex Differcuces
In all trials there was a difference between day-old
male and female chick welght. The mean weight at one day-old
for males was 42 3103 + h bwé grams and that {for femsaleg was

&1 6&81 + L1122 grams. When a group comparison was made, &
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highly significant t value of 2.78 with 1425 degrees of
freedom was obtalned. These data agrec with tho%e of

lunro and Kosin (1940), Kosin and Munro (1941), and Romanoff
(19L.8) showing that male chicks weigh more at hatching

time than do female chicks,

The mean egg Bhub from which the above chicks
hatched were 59,3517 * 5,626 grams for the males and
59,1368 + 5,603 grams for the females. A t value of 0,72
with 1425 degrees of freedom was found indicating that no
gsignificant difference exists bebtwsen the mean egg welght
from which the male chicks hatched and those from which the
females hatched. This confirms the work of Jull and Quinn
(1925 | |

Kosin and Munro (19L41) have hypothesized that the male
chicks utilize more of the shell calcium than females. This

results in the male chicks having larger bones and heavier
muscles and viscera than the female chicks.‘ Romanoff (1948)
found the calcium content of female chicks to be slightly
greater than that of the male chicks, No data were collect=-

ed in this study which would aild in answering this question.

Effect of Adult Body Size on Growth

A total of 275 pullets in two trials were weighed at

10 monthe of ape in order to determine the effect of adult

-
2 . 4 -
size on growth, Schnetzler (1935) has shown rate of growth

&

to he essociated with mature body welght, but it has not

-

been shown at what age adult body size beglins affecting growth,.

In this study it was found that adult body size bepan exerting

<3



29,

its influence on growth between twe and six weeks of age.
The reeulits are shown in‘table 17

There was no apparént statistical relationship betwsen
adult body size and day-old chick weight., The results of
Trial 1 indicate thabt the effect of adult body size began
exerting ite influsnce on growth at aboubt six weeks of age,
while in Trial 2 this effect is noticed at about two weeks
of age., The source of varlation between Trials 1 and 2 wmay

ve due to environmental factors, as the females in Trial 2

were grown during the warmer part of the year. Pullets wit

‘(_J

arge mabture body welights were larger at twelve weeks of age

L)

than pullets with small mature body weightsa,

Effect of Zexual Maturity on Growth

The age of sexual maturity of 321 pullets in two trials
were determined in order to study the effect of sexual maturity
on growth, Latimer (192l1) and Waters (1937) obtaincd results
that rate of growth was assocliated with sexual

indicating

Pt}

maturity. Tullets which reached zexual maturity early were

larger at about four to six weeks of age to 20 weeks of age
than pullets whlch reached sezual maturity later. The results

are shown in table 18,

4 F=4

In Trial 1 ssxual maturlty began exerting its influence

on growth as early as four weeks of zge, while in Trial 2
this influence was delayed an additional two weeks. At
twolve weels of age pullets which reached sexual maburity
early weighed slightly more than pullets which reached sexual

maturity later,
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Relatlon of Tmergent Perlod and Total Chic
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in which the emergent period was observed.

of 1265 chicks were hateched in three irial

s

Lpproximately

6C.5 percent of the chicks hatched on the last half of the
twanty=-Tirst day of incubation. The results are shown
in table 19,

About 19,3 percent of the chicks halched in periods
one %o threc (20 days to 21 days), about 50.5 percent
hatched in periods four and five (21 days to 21 2/3 days
and about 19.8 porcent hatched in porigds 8ix and seven

(21 2/3 days Lo 22 days).



TABLE 1

CORRELATION COEVPRICIENTS BETWERENW LG&

THIAL 1

Humber ’ i
of Chicks 5 61 96 Lo 16 218
Bgg Wt.
Classes . 19-53.9 Sl«53.9 £9-63,9 bli~68.9 63-75 Total
Av. Day 01d wt. (1) 36.30 110.57 L3.L5 bz 2 EON:I .70
S.D. (2) 1.167 1.4852 2,200 1.5049 1.906 3,702
r. (3] L7718 .50 0% . 658 L0110 1139 007 %%
AV. 2 Week Wb Gly. 60 105,15 115,25 116,10 123.06 112.73
, 3.0, 12.78L 19.050 16.86%5 17.506 20,565 13.839
r. 12 . 2655 L 232w -.038 .019 « 331565
Av. I Week Wt, 260.30 20lL.:.3 29@ 7% 297 . 20 320,38 28307
- 3.D. 12,170 63.890 0 63.140 6. 000 6l . 213
r, -,151 .130 .133 -.083 -.063 263
Av. O YWeell Wt. 1.21 ‘ 1.108 1.29 1.31 1.356 1.26
3.D. . 206 ' 2L .225 . 226 . 205 236
_ r., -.200 .115 £110 -, 087 -.020 L2165
Av. 3 Vieek wt. 1.91 1.39 2.03 2.0l 2.05 1.69
S.D. <360 31l 327 L3304 .301 .325
r, 008 2l2 .123 ~-,112 -.0L8 o« 18233
Av. 10 Wieek Wt. 2.37 2.3 L.pd 2.60 2.60 2.5,
S.D. 527 100 1139 .38l . 360 .Qal
r. - . 009 .132 .1& -.079 156 166
Av. 12 Week Wt. 7& " 2.9l 3.09 3.07 3.16 3. 04
S.De .)%) hBl. .530 160 .372 486
~r. . 200 O7h . 099 -.091 421 L1533

Welght in pgrams from day old to 5 weeks of age, in pounds from & to 12 weeks of age.
Standard Deviation -

Correlation Coefflicients

Significant (P>.05)

W% Significant (P>.01)
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TABLE la

CORRELATION COFFRICIBNTS RETWEEN TGC WELGHT AND GROWTH T0 12 WEEKS OF AGE
FERALES '

TRIAL 1

Number

of Chicks 10 58 104 Lo 12 227

Ligg Wt

Classes o. 19=512,9 She58,.9 50-63,9 bli-63,9 £9-75 Total
YIS T A A 61 B TP EEPED 336 PLPRRE [5.55 2075
3.0, (2) 1.208 1.56% 1.962 2.36 2.467 3.602
r, (3] - Olbs o1} 3 3% o Ol 3t 333 . 70l S8l

Av. 2 HeoK WEt. 106,16 105.75 120.05
18,363 150530 18,395

-, 061 -, 079 -.125

127.75 111,26
15.637 25,59
“027‘3 0012

Av. 4 Week TE. 26G.57 273.09

. 062

323.50 27737
4h..930 Shy.27l

2H2%5

wllig. » 02?8 “'0260

Av. © ieck WEt. 1.13 o1l Lelil 1.20 1.30 1,16
8.D. LS 201 185 .138 115 191
T 228 . 052 .139 « 208 -.121 . 2055
Av. B ek Wt i.72 1.7 1070 1.77 1.85 1.75
S.D. L1491 .268 .238 .259 .203 . L2119
r. . 329 ~L.031 .126 . 322 . 052 <1 0%
Av. 10 Woek Wt. 2.16 220 2,10 2.28 2.33 2.20
3D 277 330 290 278 207 296
T. -, 115 . 080 . 035 27 «353 105
AV, 12 woek Wi, 2e53 2453 2.53 Z2.51 2.03 2e53
5.0 .252 «335 .321 301 26! +320
T, - 2hd ~.110 LCB7 <101 1179 057

(1) Weizht in grams, ifrom day

Standard Deviation
forrelation Qoefl i
$ignifTicant (P>.05
Significant (Pz,01

cients
)
)

old £O & Weeks of ere,

in pounds ifrom C Lo 12 Weeks 0F age

s



TABLE 2

CORBELATION COEPFICIENTS BETWEEN EGG WEIGHT AND GROWTH TO 12 WEEKS OF AGE
a .

MALE
PRIAL 2
Wumber
of Chicks 7 31 76 Ll 8 163
Egg Wt. ‘ _ '
Classes g. 1419-53.9 5h-58.9 55-63.9 bl -68.9 69-71L.9 Total
Av. Day 0ld Wt. (1) 3L.93 39,08 2.8l [6.18 19.13 1291
S.D. (2} 1.535 1.520 1.850 1.900 2.41.20 3.663
r. (3) .589 o 631yt < 730%3% 6203 .635 .Q2bix
AV. © Week wk. 90.29 100.52 109,31, 110,02 12C.50 107.30
S.D. 8.561 13.712 1k.070 15.957 10.050 15.312
T, .083 L1193 .157 - 23 582 355wk
AV. || Week Wt. 178.29 19871 211.25 216,51 2°01.38 209 4 Iy
S.D. 37.695 37.910 - 35.667 i2.582 33.797 39.092
. . 063 «395% .119 -.231 .079 e 23535
Av. b Week Wt. in 02 C .88 o7 59 <30
S5.D. .201 .169 L1h6 177 231 170
r. -, 26l _ .386% .101 -.175 ~. 088 .158
Av. 8 veek Wt. 1.26 1.36 1.5 1.5 nn 1.2
S.D. . 207 272 212 26l .336 .250
r. ~. 0185 . 255 082 -.078 .121 L172%
Av. 10 Week Wt. 1.81 1.91 2.03 2.02 2.1l 1.99
S.D. .2he .363 . 279 343 482 .330
r, =.285 .318 -.136 -.168 -.126 <147
Av. 12 Week Wt. T 2.55 2.58 2.60 2.67 2.7 2.63
S.De L322 Jiel 366 Ji52 636 415
r. -, 550 .216 -.062 -.129 -.199 .079

Weight In grams from day old to 5 weeks of age, in pounds from & to 12 weeks of age.
Standard Deviation

Correlation Coefficients

& Significant (P>.05)

%t Significant (P>.01)
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TABLE 2a

CORE BGG WEIGHT AND

FEVALES

i CORPPICIENTS BETWEEH

=
t14
t“!
l‘-‘ﬂ
=
-
=

GROWTH

TRIAL 2

fumber v '
of Chicks 9 29 89 L5 7 176
Bgg Wt _ T -
Classes g. 119-53.9 Sl ~58.9 59=53.9 6L=68.9 69-7l.9 Total
Av. Day 01ld wt. (1) 3L.90 39,28 2.0z [[5.10 17.96 12.23
$.D. (2) 1.707 1.148 1.927 1.388 2.15169 3.353
r. {3) .62 5B 3195 073 595 L 370
AV. 2 Week Wk 9540 99.07 100 .51 109,562 113,00 104.95
3.D. 7.310 11. 2&1 14.2@3 11.552 13.720 13.523
r. - 1ith 082 o 2933 011 .361 L3688
Av. | jeek Wt. 187.33 185.55 203 .4l 206.32 211,10 200.90
5.D. 5.627 31.627 36.330 32.767 35.438 35.56
. -.122 -. 068 L2203 056 LO1h . 22653
Av. b lleek Wt. 77 e .30 K .79 .79
3D .123 A2 <146 2130 .108 L2
r. - .06l -,158 2655 26 -.131 W27 233
Av. © Yeek Wt 1.21 1.3 1.2 1.27 1.2 1.23
S.D. . 275 .23k . 232 .183 L1170 .225
r. .261 - 07l .199 .119 -.177 . 179
Av. 10 Week Wt. 1.69 1.62 1.70 1.71 1.72 1.69
3.D. . 285 270 .291 . 239 .230 L2Th
r. 115 -.026 .197 .192 .065 .131
Av. 12 Veek Wt. Zelly 2.05 2.19 2.20 2.26 2.17
S.D. 356 .339 311 .302 .252 .320
r. RN -.003 213 . 238 -, 05k L1873

(1) Weight in grams from day old to T weeks of age,
(2) 8tandard Deviation

(3) Correlation Coefficients

3% Significant (P>.05)

w5 Slgnificant (P>.01)

in pounds from O to 12 weeks of age.



CDRRSLA“IDJ COEFFICIENT BETWEEN EGC WEIGHT AND GROWTR TO
HALES

TARLE 3

TRIAL 3 - 501

12 WEEKES

9]
a3

Number

of Chicks 17 i1 39 10 109
Bgg Wt.
Glasses g, 113-13.9 19-53.9 Sk-58.9 59-63.9 Total
Av. Day 0Old wt. (1) 3@ 75 39.71 2.5 115,65 L0.72
3.D. (2) 1.982 1.61l 2.353 1.516 3.51k
, r. (3) 5204 . Bl 33 o2l 555 3761
Av. 1 Week 01d Wt. 58.G7 61.60 66.380 66,00 63.55
S5.D. 6.359 6.363 6.302 9.433 7.492
r. 112 . 235 -, 1h2 -.158 o 32l
Av. 2 vieek 0ld Wt.  100.91 109.31 119.80 120.25 113.29
S.D. 12.90L 13.791 13.118 16.064 15.156
r., .131 .139 <143 =278 . 397
Av. 3 lLieek Old Wwt.  19L1.12 156,19 212.0kL 210,25 202.17
S.D. 22.1,06 25.989 23.525 21.808 26.206
r, -.039 129 .006 -.297 .3073%
Av. I Week 01d Wt. 555 303.50 322.37 310.75 310.33
S.D. 32 104 1L0. 696 34.905 2l .951 37.903
r. a 1%7 .013 . .082 +u-.uoo - .192
iv. 5 Gieek 014 WG. 1.1 29,31 61.71 0.25 73,06
S.D. 55.298 57.227 50.11k 33. 606 5l 628
r. 107 -,030 -.021 -1 86 151
AV. b Yeek OLld WG 1.23 1.20 1.29 1 2Ly 1.2%
S.D. .182 .178 15 .107 .1 %
r, - 5903 . 223 ~.33L= ~. 546 1l




TABLE 3 {(Continued)
Av. 7 Week Gld Wb, 1.56 1.58 1.65 1.01 1.60
5.0 . 185 .238 .189 .201 .210
r. . 77553 .090 -, 162 - 65l 5 .135
Av. O Week 0ld Wt. 1.89 1435 1.98 1.95 1.92
: S.D. .203 .300 .258 212 . 267
r. Sl s L0l -.293 , - 62l 3 .129
Av. 9 veek 014 Wt. el 2.25 ' 2.35 230 2e29
. 3.D. .303 bl .325 .259 .325
r. <59l .078 -, 325% -.571 - .1L8
Av. 10 vesk 0ld Wt. 2.61;‘ 2.00 2.75 2.1 270
3.0. .37 106 .355 . 296 <377
r. 576 Ol -.025 -.503% .173
Av. 11 Heek 0Ol1d Wt. 2.92 3.00 3.09 3.17 3.03
S.D. 1169 271 392 . 250 139
. < 51850 Loezs -, 8085 ~ o B8 73 117
Av. 12 Week 0Old Wt. 2.3 31.338 3.40 3.55 3.4
‘ S.D. .5138 1167 400 .359 410
r. <029 L0685 .007 -.537 L6
(1) Weight In grams from day old to 5 weeks of age, in pounds from 6 to 12 weeks of age.
(2) Standard Deviation
(3) Correlation Coefficients
3 Significant (P>.05)
#%  Significant {P>,01)



TABLE 3a

CORRELATION COEPFICIENTS RUTWELN BCGG WEICHT AWUD GROWTH TO 12 WEEKS OF AGE
PEHALES

TRIAL 3 -~ 501

Number '
of Chicks , 15 56 32 9 115
Classes g. 113-1:8,9 L9=53,9 ch-58,9 59-53.9 Total
Av. Day 01d Wt. (1) 365.76 35.51 51.03 15,00 10,03
s.D. (2) 0 1.682 1.732 1.973 2.738 3,102
r. {3) 72235 198w 181 ses 82T <06 st
Av. 1 Week 0ld Vite, L7450 01e7S b2l HU,. 06 Ol 6 DO
: Do . 3.273 7.049 5.521 3.278 : é.593
r, . 5013 .110 =245 -,128 29 3%%
Av, 2 Week Old Wt GJe29 107.46 109.03 117.75 107.32
S.D. 9.276 11.180 11.356 9.384 13.303
Yo 0130 .009 .11‘5 "th—é? .329\?%
Ave 3 Veek 0ld Wt. 178.93 1¢9,00 189. 19‘ 18}.A5
S0 20.03& 27.295 20.635 2. 555
T 20) 0078 0137
Av. 4 Week 01ld W% 279,00 263 53 263,55 283 bq
S$.D. 27.610 1L0.079 32.118 Iy 36416
r. .29l o] - 117224 - 75053 066
Av, 5 Week 01d Wt. QOQ.EQ 399,46 395,40 n 394, 9&
S.D. 35,040 51.705 L5.837 k7.7
T. L3lh . 069 179 .oué
Av. D VWeek 014 Wt. 1.14 1.09 1.09 1,10
3.0, W107 .151 .12l .137
r. .51 8% -, 073 08¢ -, 10l
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CORREYL,

ATTON

TAR éal.« L!.

COBFFICIENT BETWEEN HGG WEIGHT AND gROWTH

WaLES

TRIAL 3 - A-13

TO 12 WEEKS

OF AGE

Number
of Chicks 36 L1 2ly 103
&’% \.’nuo .
Classes g. 3-48.9 19~53.9 Sl 58.9 Total
Av. Day 0O1d Wb. (L) 33.73 36.6 39,30 36,39
. S.D. (2) 1.632 1.662 1.585 2.875
r. {3) L6325 5814 5103 B8
Av. 1 Week 01d Ut. 56.0L 53.06 Oly Wy 3 59 Ol
3.D. 5.11h 5.593 li.332 165
r. ~-.031 .2h9 .132 5*%,%
V. 2 heek OLd Wo. 99 .11 100.9L 113033 103,71
s.7. 9.052 11.516 10.1128 12.123
r. .019 .301 .017 A 69
Av. 3 weex 0Oid Tt. 175 I3 173,50 198071 183.02
3.D. B8.468 22.135 20,367 22,928
r. .120 .21 .022 Ay 2053
Av. L Week 0Oid Wt. 270003 201,11 310.00 237.50
S.D. 29 .77k 33.002 35.685 37.617
r. 173 .190 -.001 o 3 Tl
Av, b5 Week 0ld Wt. 4oL .1l 11.69 Lho. 25 118,59
S.D. 3.325 L7.338 53.16l 50.788
r. 27l .136 -.099 w345 e
Av. O Week 01d ¥t. 1.14 1.16 1.27 1.18
S.D. 11 .136 .16 .289
r. . 225 .035 -.27 .160

b



TABLE L. (Continued)

Av. 7 Week 014 Wt. 1.48 1.51 1.65 1.53
S.D. .219 - .196 .239 . 227
re. . 200 , .186 -.051 . 298385

Av. 8 Yeek 01d Wt. 1.75 1.77 I 1.90 1.40
S.D. .2h9 217 .25l 251

r. .196 .107 -.119 .1493

Av. 9 Week 0ld Wt, : 2.1 2.1l 2.25 S 2.1
S.Di '291 '259 -276 '291
T, . 255 .070 -.193 .150

Av. 10 Week 01d Wt. 2.38 2.400 250 24413
SeD.. 310 _ W29 .287 .330
__r. 2Ll .002 -.071 .176

Av. 11 Weel Q1ld Wt. _2.75 ' 270 2.9 219
S.D. _ -~ W368 .352 .309 .368

e 0211 '003&, *.052 0119

Av. 12 VWeek 01d s, 3.10 3.2 3.0 3.15
S.D. v Jiea C W3l .335 .398
___r, .16l . 087 075 11l

Weight in grams from day old to 5 weeks of age, in pounds from o5 Lo 12 weeks of age.

Standard Deviation
Correlation Coefficlents
Significant (P>.0%)
eie Significant (P>.01)
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CORRE

LATION COBFFICIENTS BETWEERN

TABLE La

FEMALES

TRIAL 3 = A=13

IGG WEIGHT AWD GROWTH TO 12 WEEKS OF AGE

Number .
of Ghicks 35 50 2L 5 11l
ngg Wt
Glasses g. L 3-18,9 19-53.9 5h-58,9 £9=653.9 Total
Av. Day Old Wte (1) 33.0@ 36, 32 39,200 17,32 36,20
S.D. (2) 1.585 1.577 2.028 1.292 3.071
re (3) .613w%, olih 85t 609 . 95253 8883
Av. 1 Week 01d Wt. 53.07 5o, 8@ ;9 ISy 50.00 55, 3l
S9.D. 6.872 5. L?Q 6.583 8.515 6,791
T -,168 1186 .hBl"% -.193 b1
Av. 2 Week O1ld Wha 53.00 00.13 100,30 §7.50 97.7@
S.D. 111,038 12.588 10.324 17.030 13.488
r, 142 528w .310 -,188 o 3l s
iv. 3 Week 014 Wt 163,71 155,01 180.22 161,00 TA5. 01
3.0 27.546 23.680 21.559 26,31l 25.396
T. .220 o) Gt 2l -.h23 L2653
AV, . Weck OLld Wt. 257« 36 261.92 280.65 260.50 2621
S.D. 13.855 38.341 38.886 3.5l 41.775
r. « 3973 .195 .218 -. 51l 23
Av. 5 Week 01ld Wt. 71.1 370447 3960, 7% 375,00 376 &6
S.Ds 62,060 56.123 50.780 Lh.ah2 57 31
e .21&, 0391%. v .2%.2 -0635 0 2168
Av. b Week 0id vit. 1.03 1.02 1.09 1.05 1.04
S.D. » 179 J1h7 153 .105 .159
T . 313 . 350“1:’ 0217 ~a 738 0208'31‘

.T*‘Z



TABLE La (Continued)

Av, 7 Weelk 01ld Wt. 1.30 1.29 1.0 l1e33 1.32
SaDe 232 .20l 200 .206 216
T, .280 JJp13se3 .18l -4 790 .228%
Av. © Week 0O1ld Wt. 1.50 1.50 1,00 1.51 1.52
S.D. 237 213 207 .136 222
r. L1691 . 356 2h3 - 777% . 200%
Av. G Veelk 0ld Wh. 1.70 1.77 1.87 1.786 1.79
' S.D. 262 2l .230 Jh7 - W2h8
_ . T .182 230 219 -.8359:% .15&*
Av., 10 Week 0ld Wt. 1.950 2400 2eld 2413 2.02
 8.D. 276 2567 267 .192 272
T. .283 .286 S w172 - 8513 o 2)p Baest
Av, 11 VWeek 014 Wt. 2.25 2e21. 2430 2 3 2.27
S.D. 281 268 272 .139 .283
r. 187 211 .023 - 8583 .188:%
Av. 12 ¥Week Old Wt. 2.50 249 2.5 2403 2.52
5.D. .280 309 .267 .112 .287
T. _ .178 23 2hb - .81l 175
(1) Weignt in grams ifrom day old GO 5 WEGEKS Of Age, 1N pounds 1rom O L0 12 WOEGK3 Of age
(2) Standerd Deviation
(3) Correlation Coefficients
% Significant (P>.05)
#% Significant (P>.01)



TABLE 5

5 OF AGE

Humber
Of Chicks 30 37 23 100
E’G \\Fto . .
Classes g. 5 ~58.9 59-563.9 6lL=68.9 Total
Av, Day 013 WE. (1) u2.44 15.90 017 5. 00
S.D. (2) «973 2.027 1.261 l1.133
r. (3) 30&% . 5624 Ji61# L935u%
Av. 1 Week 01d Wi. b% b8.11 7272 5B .28
S.D. 969 6.61L0 8.309 8.387
I .219 . 3263 JDQJ% LOO05ss
Av, 2 ¥eesk 0ld4d Wt. 12,35 127.10 129, 4Q 127.15
S.D. 1l.565 1.121 15, 3@8 1@.719
T 252 -, 057 AL79% . 288
Av. 3 VWeek 0Ld Wi 178,508 131,01 18i4..H7 181.93
S.D. 22.528 20,66l 27.478 23. ?ZA
r. .298 -, 091 o B2l . 26253
Av. 4 Week 0ld ¥Wt. 291.08 295,01 - 30& 78 258.20
S0 33.666 33.784 837 38,367
Yo 172 -y }l.t. » 4.82*: o 27 0%
Av. © {leek 01d Wt. LIS, 55 416 11 ’ 128, 0l 422 75
e 0102? -.QQB i();"‘ 0199'35'
Av, © Week 0ld Wt. 1.10 1.17 1.22 1.20
SeDs N .150 .175 .15k
r. .11l -.2Y3 587 .19

* g-“‘{



TABLE 5 {Coniinued)

,

X
8.

&

Significant (P>.05)
Signiflcant (P>.01)

Av. T Week 0la Wt. 1.6 1.6 1.49 1.4.0
8.0, 77 176 .218 .190
r. .115 = i)y Qarse .2&1 .150
8.D. «250 .198 .26@ uz
e 3058 "0032_1, 0212‘!. 016
Av. O Week 0ld Wt. 2.00 2.07 2e12 <09
SeDe .292 26 304 .286
Te «100 .BBQM 261 168
Av, LO uack ¢ld We. 2.30 2437 2t 7 2.1
$.D, « 336 .275 R ¢330
) Yo .2?0 "0318 0165 0265’:
hv.e 1Y Week $ld Wt. el 2.2 Ee0C3 277
S.D. «352 $31h .39 371
T e 0021 -.190 0169 .E?Lt_': b
Av, 12 Vieek (ldg Wt. 317 3.1C 3eil 3.10
Selle . 380 0363 o!&%_h.é 039(‘)
T, . 00L .255 . 056 .109
(1) Wweight in grams Irom day elu Lo p weeks of age, in pounds from 0 to L2 weeks ol age
{(2) Standard Peviatlon
{3) Correlation Coefficients



TARLE 5a

CORRELATION COBPFICIENTS BETWELY BEGG WEIGHT AND GROWTH T0 12z WEEKS OF AGH
FEMALES :

TRIAL U

Number

of Chicks 27 53 20 109

Egg Wt.

Classes g. - Sh=58.9 590-63.9 6L -68.9 Total

Av. Day Old wt. (1) .55 Lb.2e 49.13 45.80C
5.D. {2) 1.413 1.592 1.736 3.532

r. {3)

« 5093

CH2lw

Jf22%

Av. 1 Week Ola Wt.

TS

07.21

72.13

S.D. 7.899 7.343 8.h0l
r. =.081 .076 -.290 J159:
Av. 2 tieex 014 WG. 12G.37 122.51 13G.63 123,562
S.D. 17.372 17.376 13.296 156.884
r. -.290 =.183 -.271 , 20l
Av., 3 Week D1ld Wt. 171.02 173.22 179.0¢ 173.57
S0, 25.900 25.376 20.501 2l.211
r. -.191 - 2905 -, 06k L2l 5
Av. | Weex OLd Wt 26757 276.70 206075 276,20
8.0, 39.9L8 Il .812 29.231 L1.543
r. -, 17k « 2933 -.071 . 2833
Av. 5 Week Old Wt. 386.57 382.55 [[00.13 387.55
' 5.D. 6lL.773 62.541 18.195 0.717
r. -, 219 L2l -.163 .135
Av. b tleekx 01d WG. 1.06 1.08 1.1k 1.09
S.D. L17h .131 .125 149
r. -.230 .169 -.362 « 259




TABLE Ba (Continued)

V.7 ek 014 Wi, 1730 - .32 ' .39 .35
3.D. . 209 171 <13 .18l

r. -.27h Jp11een -.309 .18L
Av. § Week Old Wt. 1.55 1.57 N 1.50
S.D. 252 . 203 . 203 .220

r. _.2b3 .321“:2‘ —.333 '226;&,

Av. 9 Heek 0ld . 1.91 ’ 1.79 1.5 1.01

~

$.D. . 296 . 239 231 .270
r. -, 266 LD T ~.235 = RE
AV. L0 HWeek OLG Wo. RV 2.03 Zodz Z.0b
3.7, 361 L2835 261 <299
v, -.23 . 276 -.,292 .138

P
.

Av. 11 ¥Weex OLld WhH. 2.27
S.D. <3l

53 ek ] G

($AHN]
L]

*
£ 10 W A e pof iy o
SN [N s
i
L ]
PA
o
e
Yo
O
s

e '028
Av. 12 Hsek DJ1ld Wt. 258 2.59 2.09 Z.01
3.D. .361 + 329 . 289 .3l
r. ~.279 c2ll -. 11k L7
Yieight in grams from day old to 5 weeks of age, in pounds from O to i< wesks of

(1)

{2) Standard Deviation

(3) Correlation Coefficients
% Significant (P>.05)

#t Significant (P>.01)

K



TARLE 6
CORRELATION COGFPICIENTS BETWEEN EMERGENT PERIOD AND CROWTH FROM DAY OLD T0 12 WEEKS OF AGE

GALES
TRIAL 1
Mumber
of Chicks 5 61 , 96 1.0 16 218
Bge Wt
glasses g, 119-53.9 Sh=58.9 59=53.9 6lL-68.9 69-75 Total
Av, Emergent Period 3.00 Gefl Lel3 5.15 5e25 eOZ
S.De (2) JLoo 1.232 1.271 1.108 1.031 1.228
, re {3) «771% -.018 097 .138 -.081 .1924
Av. bay 01d WEte (1) 36,30 0,57 3,015 723 T0.00 13,72
S.D. 1.167 1.852 2,20l 1.549 1.906 3.7h2
v, . 771% .272% o 395 039 Sl 7 o Yy 8ot
Av. 2 Tieek Vit. gL .ho - 105,15 115,26 1160 123,06 112,73
SeDe 12,784 19.050 16,865 17.506 20.565 18.839
T L1kl - 120%% ,037 059 .026 LOLS
Ev. | Week Wt 260,80 TT2BIL 3 200 o 70 205.20 320 38 2887
SeD. h2.170 63.90 59.760 63.100 6l 000 6l.213
T, .10 -0 51 -.007 .053 . 061 -.089
Ev. & Week WEt. 1.21 1.13 1.29 1.31 1,735 1.26
S.D. 206 247 .225 .225 .205 236
} r. .02l = 1110w -, 026 012 -.148 -.109
Av. § Wiesk Wt. 1.91 1.59 2.03 2.0 2.05 1.59
SeDe 360 .31 .327 <30k . 301 .325
T, .083 -, 206 027 .031 -, 081 - Olth
Av. 10 Gieek Wt. 2437 2.3 2,58 2.60 2.50 2450
.0, 527 100 139 <381 « 360 421
r, .209 -.3208%: -.058 -.121 -.207 -.1}.3%
V. 12 Week WE. 2.7 2.0l 3.09 3,07 3.10 ENen
s.D. .535 431 «530 L50 .372 J186
T, 177 -.152 .080 -.058 -.327 .002

o,
!

38 ::: Af‘\d
s W N
St e gt

Welght in grams from day old

Standard Deviation
Correlation Coefficients
Significant (P .05)
Significant (P .01)

to 5 weaks

of age, in pounds from C to 12 weeks of age



TABLE ba

CORRELATICN COEFFICIENTS PETWEEN EMERGENT PERIOD AND GROWTH FROM DAY OLD TO 12 WEEKS OF AGE

FEMALES
~ TRIAL 1
Number of
Chicks 10 58 105 L2 12 227
Bgg Wt
Classes g. 119-53.9 5h-58.9 - 59=-63,9 6li-68.9 69«75 Total
Av. hmergent Feriod  L.0H0 S Lol A 49 Lo Tly 5.17 Lt
S.D. (2} 1.020 1.118 1.138 1.172 .98l 1.155
r. (3) «335 101 25 343 -.220 .051 <1963
Av. Day 01d Wt. (1) 3630 35.39 u3 16 4@ 18 1.9, E [2.79
S.D. 1,208 1.68% 1.962 % 67 3.6l2
_r. . 7063 216 o111 Best i3 .028 o 333%
AV. 2 Week Wt 100.00 106.156 109.75 120, 05 127.75 111,26
S.D. 22,162 18,363 15. usé - 18.39% . 15.637 254159
r. 512 LO7lL il .202 -,328 .169%
Av. 1|} Week Wt 26340 266.57 273.09 293. 1% 323.58 27737
SaDe 1,8.382 56.855 50.4.01 53.4 8 Ly .929 5. 27
r. «83hses -, 00 -.082 -.116 -.202 LOltl
Ev. b Week Wt 1.1 1.1 1. 1% 1.20 1.30 1.16
ScDo 016’.;,5 .201 cl 6 .188 tllE; .191
_r. b1l -. 02l -.055 -.192 -,153 -,008
Av. O Week WEt. 1.72 1.7 1.7} 1.77 1.G9 1.75
8.0, .191 268 .238 .25 .203 219
r. 707 062 -.091 -.23 -, 058 -.029
Av, 10 Week Wt £el10 2.20 2.1& 2eld 2¢33 2.20
3D 277 <330 .290 .278 .207 .296
_r. 303 .039 -.138 -, 32l -.223 -.073
AvV. 12 Week Wt 2.53 2.53 2.53 2.51 2.53 2.53
S.D. 252 . 335 .321 <301 26l .320
T, 173 . 066 -.018 -.083 <350 .033

{1) Weight in grams from day
(2) Standard Deviation
(3) Correlation Coefficients
3 Significant (P>.05)

% Significant (P>.01)

0ld to b weeks

of age, in pounds irom 5 Lo 12 Weeks Of age



TABLE 7

CORRELATION COEPFICIENTS BETWEEN EMERGENT PERIOD AND GROWTH FROM DAY OLD TO 12 WEEKS OF AGE
MALES
N TRIAL 2
Number .
of Chicks 7 31 76 L1 8 163
Bgg W, ' '
Classes g, 119-53,9 5l =58.9 59-53,9 6l <58.9 69-75 Total
Av. bEmergent Perlod 3.29 Lel9 L. ho .03 .. 00 lte 35
S.De (2) - 1.030 1.088 «G60 1.205 1.118 1.099
. (3) .536 .176 . 095 -.017 192 L1824
Av. Day 01d Wte (1)  3r.93: 39.05 2.8l 618 T9.13 2.0
SeDs 1.535 1.520 1.850 1.900 2.;20 3.663
r. .539 58 o U Bess Ji 255 .785% o 37 0%
iv. 2 Week Wh. 50.2 100.52 109, dly 110,02 120.50 1C7.80
S.D. 8.561 13.712 14,070 15.957 10.050 15.312
r. =579 <371 -.103 2113 636 .12
Av. I Week Wt " 178.29 198,70 211.29 2155l 22l 38 209401
S.D. 37.695 37.910 35.667 h2.582 33.797 39.092
T, - .36 231 .010 053 1190 .118
AV, © Week Wt. .l U2 « GO N .09 « 00
S.D. .201 .169 L6 177 .23 .170
r. - 566 W26l ~.027 .18h .52 J1h1
Av, G Veelk Wt. 1.20 1.36 1.45 145 1.h4 1.2
SeDe .207 272 212 .26l <336 <250
~ T, -.386 198 -.182 .190 .299 . 085
Av. L0 Week Wt 1.51 T.91 2.03 2.02 2.1 7400
S.D. 2h2 .363 279 W33 J 82 .330
r. -.1h9 . 302 -.275 J11L7 589 067
AV. 12 Wieek Wt 2.55 2.50 2.62 2.567 2.7 2.63
S.D. . 322 J21 . 366 452 636 A5
re -.5h1 <37 7% - .15l .109 507 .082
{1) Welght in grams from day old to b wesks of age, in pounds from O to 12 weeks of age
(2) Standard Deviation ‘
(3) Correlation Coefficient
3% Significant (P>.05)
#% Significant (P>.01)

'Eﬂ



DORR

BLARION CORFFICIENTS BRUTWETR

IROTTH PROM DAY QLD TO

5 O

Tumber
of Chieks 9 &% 2 ” : "

Bgs

[

Vi oe

Glasses g, , [L.9=53.9 Sh=56.9 £9-53.9 bli-80,.9 6Y=75 Total
Av,. Emergent Period  3.5D Ueil 4..03 ¢ 02 3,00 .03
S. De {2} 92 1.0h1 1.265 1.221 1.487 1,220
, re (3} . 4LhL8 -. 052 . 009 <110 -, 300 006
Ev. Dey 0id Wt. (1) 31.90 35.28 2,02 5.10 17.96 N2.23
5.0 1.707 1,148 1.927 1.888 2,169 3.353
T, L7614 .129 L7 « 575 .509 « 265

AV e

104 .01
1h.278
.098

109,62
11.552

-« 3y

113.00
13.720
-.0121

Av.

SeD.

Z073.5
35.3%0
LOL2

200,62
32.767
e 315)1‘::‘

SIT. 1%
35.430

- 612

AV,

Te -oil
6 Week Wta. N
S'I)' 5123

e :'03}-5—}«%-

.30
.1h6

L0l2

NGH
.130
-.253

. 79
.108
-. 778

AV,

O weelt Wha
S-Do .275
e ‘005()

1.2l
232

L016

}_ 027
.183

- - 296’}:‘

.170
-.380

Av.,

10 Week Wt
54D 285
Te -‘OZ-;—B

1.70
.291
—.0;4_5:

1.71
»239
-, 3655

1.72
.230
’0587

12 wWeek Wt

S.D. <356

Z2.1Y
<311
= a O(f) ‘7

2e20
. 302

- 290%

220

252

-0658

AR ul?
Welght in grams irom day

S3tandard Deviation
Correclation Coelfficiasnt
Significant (P>.05)
ignificant (P>.01)

2

old to b weaks

of age,

in pounds from & Lo 12 WeeksS Of agze

005



TABLE 8

EMPRGENT PERIOD AND GROWTH FROM DAY OLD TO 12 WEEKS OF AGE

TORRELATION COEFFIC THEEN
MALES
TRIAL I
Numher
of Chicks 30 100
Egg WE,
Classes g. sh-58.9 59=563,9 Total
Av. mmergent Period Lo 70 a0l U.05
S.De (2) 1.005 .96
r. {(3) .091 -.211 .08
AV, Day 0ld Wt. (1) 2 il 5.90 15.09
S.D. 1.973 2.027 L.133
Te =-.330 -.303 -.019
Av. 1 Week 01d WE. Bl 0C BE.I1L “53.28
S.D. h. 969 6.6L0 3.387
r. .22l -.219 -, 2l 3%
Av. 2 Week 014 Wt. 124 33 127.10 127.15
S.D. 1U.565 1,121 . 719
Yo - 258 0012 o16
Av. 3 Week 0ld Wt 1738.58 181,01 181.93
S.De 22.528 20.66l; 23.22&
Te '918}% .210 ".022
Av. i Week 01ld Wt 291,008 296,01 298.20
S.D. 33.666 33.75h 38.367
T. -.067 .315 . 086
Av. 5 Week 01d Wte 15,58 18,11 122.75
S.D. 50.271 19,765 56042
r. -.363% .105 -.17h

0'['5



A\
TABLE & (Continued)

Av. G Weex 01d Wk, 1.18 1.17 1.22 1.20
SeD. Ll .150 175 .15

T -« 393% 217 -.279 -.12

Av. 7 Week OLd Wb, 1040 1.6 1.9 T.48
S.D. 177 176 .218 .190
r, - 36h = 383 ~+279 -.039

Av. O Week 0ld Wit. 1.77 1.79 1.01 1.79
S.D, .250 .168 .26l 2h2

Pl -.361 .135 -, 285 -.13

A.V-, <} ‘ffeek Gld q‘ﬁt‘ 2;;06 2007 2012 2009
gD, .292 2hb < 30L .286

. T, -,332 13 = 257 -.121

Av. 10 Week 014 Wt, 2430 243 27 2elb1
SeD. . 336 275 $3h + 330

re -, 359% LOLl - 251 -,172

Av. 11 Week 01d WEt. 2.71 2.7 2.53 277
SeDe 2352 « 31l « 395 371

v T, - 169% < 3723% - 2hl;. -, 071

Ev. 12 Woeek 014 VWt 3.17 3.10 3.1l 3.108
S.De . 380 . 363 b «399

r. - 1] 3% .228 ~.127 -.098

(1) Weight in grems from day

Standard Deviation
Correlation Coefficients
Significant (P>.05)
Significant (P>,01)

old to 5 weeks of age, 1n pounds from O to 12 weeks of age

Cag



TABLE 8a
CORRELATION COEFFICIENTS BETWEEN EMERGENT PERIOD AND GROWTH FROM DAY OLD TO 12 WEEKS OF AGE

FEMALES
TRIAL L
Number
of Chicks 27 53 20 109
Egg Wt.
Classes g. 5l -58.9 59-63.9 -68.9 Total
Av. BEmergent Period .20 4.3 .50 4.63
8.D. (2) 8l 1.005 975 1.023
r. (3) .350 .106 __.205 .og
Av. Day 01d Wt. ( ‘Eétgg [6.22 L9.13 5.8
8.D. 1.413 1.592 1.736 3.532
I -.21.1.2 ".1 7 -.097 --016
Av. 1 Week 0ld Wt. 63. 67.21 72.1& 66.96
S.D. 6.963 7.899 T.343 8.4h04
e -, 5 -ohlsi:‘* ~ B* -¢333W
Av. 2 Week 0Old Wt. 120.3 122.9L 130. 123.62
8.D. 17372 17.376 13.296 16.88%
Po -.371 -, 283 -.632** =. 3568
Av. 3 Week 0Ol1d Wt. 171.02 173.22 179.08 173.
8D 25.900 25.3 g ZO.SOé 911
I, "'01 -02 -y 7 -.2 1*'“'
Av. [ Week 014 Wt. 567'81 276.70 .15 276??%“"""‘
S.D. 39. 9&8 4l.812 29.231 L1.643
e I . -.260 -0193 -0227*
Av. 5 Week 01d Wt. 3806. 57 382.5 L00.13 387.55
S.D. 6l.773 62.541 4,8.195 60.717
I's -0290 an 2k "oh-all._ —.11.18**

.ES



TABLE 8a (Continued)

Av.e © Week 01ld Wt. 1.056 1.06 1.1h 1.69
S.D. 17l <131 .125 L1l9
r,. ~.309 -.105 -.398 230
Av. T Week 0ld Vit. 1.30 1.32 1.3¢ 1.33
3.D.. .209 L1171 .13 134
T. ~. 298 .037 .LS?& =141
Av. 3 Week Old Wt 1.55 1.57 1.0 1.53
3.D. 252 .203 .203 .22
r. -.326 ~.027 -.638%% - . 255
Av. 9 Week 0ld Wt. 1.18 1.79 1.838 1,81
S.D. . 296 . 239 .231 .270
r., -.398% -.082 -5 70%% = 20935
Av. 10 Week 01ld wt. 2.0 2.03 2.12 £.00
| 3.D. .361 .283 261 . 299
i "371 -, 087 =53l -, 220%
Av. 11 Weelk 01d ut. 2.27 %.39 2.30
3.0 34¢ .315 . 263 .310
r. -.367 -.060 -~ 5655 -.198%
Av,. 12 Week O1ld Wt. 2.50 2.59 2.69 2.61
S.D. .361 325 . 289 .32k
r, -1 0% -, 077 -.37L -.209
(1) Weight in grams from day old to 5 weeks of 8ge, in pounds from 6 to T2 wesks of BZe.
(2) Standava Dsviation
{(3) Correlation Coefficients
% Significant (P>.05)

Significant (P>.01)



TABLE 9

RELATION OF BMERCGENT PERIOD AWD BODY WEIGHT AT 5 MONTHS OF AGHE
FOMALES

Totals
and Correlation
Emergent Period 1 2 3 i 5 6 7 Averages (Coefficients
Trial 1
Number of
Pullets Housed 8 36 63 59 32 8 206
Mean Body ' ,
Weight Lbs. - 3.66  3.61  3.70 3.7 3.63 3.83 3.67 OL7
Trial 2
Number of .
Pullets Housed 1 1l ] 51 30 17 Iy 158

Mean Rody

Weight Lbs. 3.75  3.67  3.69  3.70 3.2 3.49  3.65  3.62 -.202%
# Significant (P>.05)

hex8
A



TABLE 10

THE RELATION OF EMBRGENT PERIOD TO SEXUAL MATURITY

Bmergent Period

Averages r(

2 3. L g 6 T

1)

Trial 1
Average Days to
Sexual Maturity

167.1 189,0 183.9 183.9  188.5 190.6 185.2 075

Trial 2
Average Days to
Sexual Maturity

180.3  -184.9  188.2  203.2  196.8  200.8 190.8

JSETRY)
“ e 268""'"‘

%% Significant (P>.01)
(1) Correlation Coefficients

*95



Emergent Period

Correalation

Averapges Coefficlents

Bgg Production (1)Trial 1

120

-. 108

118.1

86.0

-, 1h0

123.1L

91.8

-.069

1104.9

82.8

i) 171’;:'

of the Surviving LAverage
Pullets (2)Trial 2
Average
Bgg Production Trial 1
of All Pullets Average
Housed Trial 2
Averags
(1) 11 months duration
{(2) 8 months duration
#* Significant (7>.05)



TABLE 12

THE RELATION OF EMERGERT PERIOD TO EGG SIZE

Totals
and
Emersent Period 1 2 3 n 5 6 7 Averages »(2)
Trial L ‘ '
KNo. Chicks
Hatched 1 17 99 180 19l 115 1 6ly7
Av. BEgg Wt. (1) 54.00  59.26 59.82  60.52  61.45  61.57  AL.L3  60.90  ,15hus
Trial 2
Ho. Chicks ,
Hatched 2 25 85 12 9L Lo 10 398
Av. Bgg Wt. 62.50 61.138 60.836 &l.2h 62.15 61.60 63.60 bH1.Lhé6  L100%
Trial I
No. Chicks
Hatched - 1 16 72 85 L1 5 220
Av. Egg Wt. - 62.80 60.02  60.L47  6L.78  62.32 60.02 Hl.29  .0B2
Totals
¥No. Chicks
Hatched 3 43 200 394 373 196 56 1265
Av. Egg Wb, 59.67 60.46 60.28 60.77 61.70  6Ll.7h  61.67  61.1L 116w

(1) Weight in grams
Coefficients
* Significant {P>.05)
34t Significant (P>.01)

(2) Correlatio:

085



TABLE 13

THE RBELATION OF BGG WEIGHT TO SIZX BATIOS

Egg Welght

Classes g. 13-k3.9  19-53.9  5L-53,9  56=p63.9  Hh-60,3  £9-75 Tobals

Co Trial 1

Wo. Chicks Hatched - 15 119 201 82 28 L5

Percent Hales e 33.3 51.3 L7.8 145.8 S7.1 b
Prial &

Wo. Chicks Hatched -—— 16 63 165 86 15 333

Percent lales — 1.3.8 51.7 6.1 7.7 53.3 18.9
Trial 3

Yo. Chicks Hatched 74 123 145 78 19 ——— WLl

Percent Males 50.0 h7.1 hh.3 52,5 52.6 - LE.1
Trial 4

Ho. Chicks Hatched 1 8 57 90 I3 10 209

Percent Males 0.0 50.0 52.6 1.1 53.5 £0.0 L7.8
Totals '

Wo. Chicks Hatched 7 162 381 53l 230 3 128

7 5
Percent Males b9y 5.7 19.1 1L6.8 L9.6 56.6 L83.5

065



TABLE 1l

THE BRELATION OF EWERGENT PERIOD Tu SEX RATIOS

Emergent Perilod 1 2 3 in 5 6 7  Totals

Trial 1 ‘
¥o. Chicks Hatched -~ 13 67 121 131 87 - 26 Ll 3
Percent lales - 46.2 10.3 43.8 Ly.6 56.3 69 2 8.8
Chi Square Value -— ' .31 2.52 1.86 .01 1.39 3.85%% .27
Trial 2
No. Chicks Hatched 2 21 68 117 80 37 8 333
Percent Males 50.0 28.6 36.8 52.1 58.8 52.4 50.0 9.0
Chi Square Value .00 3.86% L .76% .21 2.5 .27 .00 .15
Trial i
No. Chicks Hatched - 1 16 72 78 35 5 209
Percent Males -- 100.00 37.5 36.1 £9.0 hs.7 100.00 L47.9
Chi Square Value - -— 1.00 5.56% 2.51 .26 5.00s¢ .39
Totals
¥o. Chicks Hatched 2 35 151 310 289 159 Ll 387
Percent Males 50.00 37.1 38.4. us.z Sl 52.3 65.9 43.7
Chi Square Value .00 2.31 81,10 90 2.52 .50 l.123 .03

%  BSignificant (P> 05)
#%  Significant (P>.01)

.Oc:;



TABLE 15

THE RELATIOCN OF ZMERGENT PERICD T0 GROWING MORTALITY T0 12 WETXS OF AGE
Corrzlation
Emergent Period 12 3 . b 5 6 7 Total Coefficient
Trial 1
¥umber of
Chicks Started (1) 1 16 97 178 191 113 i1 637 (
Wumber Dead 1 I 30 60 61 27 15 198 .02l
Percent Dead 100.0 25,0 30,9 33,7 31.9 23.9 36,6 31,1
Trial 2 ‘
¥Wumber of
Chicks Started 2 2l 81 13 9ly 38 10 392
Humber Dead 0 3 15 28 22 2 2 72 018
Percent Dead 0 12,5 18.5 19.6 234 5.3 20,0 18,3
Trial [
Kumber of ‘
~ Chicks Started - 1 15 72 77 37 5 208
Yumber Dead 1 1 1 1 1 0 5 - 0By
Percent Dead - 100.0 5.3 1.l 1.3 2.7 0.0 2.1
Totals
Number of
Chicks Started 3 1 19l 393 362 188 56 1237
Number Dead 1 8 ug 89 8ly. 30 17 275 . 009
Percent Dead 33.3 19,5 23,7 22,6 23,2 16,0 30 22,2

(1) Both sexes



TABLE 164

THE RELATION OF BYERCGENT PFRIOD TC LAVING HOUSE MORTALITY
Torreiation
Emergent Period 2 3 o 5 5 7 Total Coefficient
(1Y Trial 1
Number of
Pullets Housed & 28 51 5ly 26 7 17l
lumber Dead 2 g 12 19 11 1 Sly .00l
Percent Dead 25.0 32.1 23.5 35.2 2.3 1h.3 31,0
{2) Trial 2
Yumber of
Pullets Housed 10 35 L6 29 15 3 139
Number Dead 1 0 g 2 3 0 12 -.08)
Percent Dead 10.0 0.0 13.0 6.9 20.0 0,0 8.5
Tetals '
Jumber of ~
Pullets Housed 18 63 97 83 h1 11 313
Number Dcad 3 9 18 2 1l 1 &6 .033
Percent Dead 16,7 1h.3 18.6 2543 31 9.1 21.1

(1) 11 menths duration
(2) & months duration

029



TABLE 17

THE RELATION COF ADULT RBODY 8IZE TO GROWTH FROM ONE DAY TC 20 WEEKS OF AGE

FEMALES
Adult (2) '
Body Day 2 Iy 6 8 10 12 20
Size . 0ld Weeks Weeks Weeks Weeks Weeks Weeks Weeks
Trial 1
Average Whte {1) 5.53 h2.77 111.83 282.32 1.18 1.78 2.23 2.56 3,70
Correlation
Coefficient 077 WAl .168 < 308w 37w Dbl L5024x 196w
Trial 2
Average Wt,. 5.83 h2.12 105.22 201.99 .79 1.23 1.71 2.19 3.62
Correlation '
Goefficient ' L061 L 237%% L38Qm L 32%% L, 521u% (D75 J500%% L7033

(1) Day 0ld, 2 week, li week weights are in grams, the remalnder in pounds
(2) Weights taken at [0 weeks of age
#% Significant (P>,01)



TABLE 18

THE RELATION OF SEXUAL MATURITY TO GROYWTH FROM 2 TC 2C WEIKS OF AGE
FEMALES
Sexual 2 6 5] 10 12 20
Maturlty HWeoks Weeks Weeks Weeks Weeks Weoks Weoka
Trial 1
Average Wte (1) 185.17 (2} 111.90 280,31 1.17 1.77 2.23 2.57 3.71
Correlation :
Coefficient -, 065 - 151%  =,193%  =,175% @ -,220%% =,20Llw%E =,260Qu%%
Trial 2
Average Wt, 190.0% 105.36 202.70 .80 1.2 1.71 2.19 3.65
Correlation
Coefficlent -,089 -.129 -, 206% = 2L 7ws =, 2L0wk  «,32B3#% -, 350

(17 Day old, 2 week, L. week weights are in grams, Lhe remainder in pounas

(2) Days
%  Significant (P>.05)
#% Significant (P>.01)

70



TABLE 19

PERCENTAGE OF CHICKS BMERGLNG IN THE DIFFERENT PERICDS

Emergent Period 1 2 3 Iy 5 6 7 - Totals
Trial 1 :

¥o. Chicks Hatched 1 17 99 130 19l 115 41 6l 7

Percent Imerged 0.1 2.0 15.3 27 .3 2949 17.7 0.3 100.00

- Trial 2

No. Chicks Hatched 2 25 85 2 9l Lo 10 398

Percent Emerged 0.5 =~ 6.2 21.3 31.2 23.6 10.0 2.5 100.00
Trial [

Wo. Chicks Hatehed o 1 16 72 85 L1 5 220

Percent Zmerpged 0.0 0.k 7.2 32.7 38.6 18.6 2.2 100.00
Totals ‘

No. Chicks Hatched 3 43 200 394 373 196 56 1265

Percent Bmerged 0.2 3.3 15.8 31.1 29,0 is.h N 100.00

(@)



DISCUSSION

Effect of Egg Size on Growth and Reproductive Performance

The results obtained in these various trials Indicate
that egg size has little effect on growth at broiler age (10
to 12 weeks of age).

Weight at hatching time 1s largely dependent upon egg
size as shown by Benjamin (1920), Upp (19&L), and others.
Sometime between one day-old and twelve weeks of age much
of the advantage of egg size is overcome. The results of
this study indicate that chicks from eggs which have as little
as two grams variation in size can overcome this range in egg
size within the first week. Chicks from eggs with a greater
variation then 2 grams (hB to 75 grams) require an additional
length of time to overcome the advantage of egg size. iost
of the advantage of egg size has disappeared by fouwr to six
weeks of age within this range of variation. Therefore, the
duration of the effect of egg size on growth seems to be de~
pendent on the range in egg size involved.

There are at least three factors which have some influ-
ence 1n overcoming the e¢ffect of egg size. These lactors are:
(1) size to be attainéd or adult body size, (2) sexual matu-
rity, and (3) the time the chick emerges from the shell.

In figure I, can be seen vhe time at which the four
factors-~-egy size, adult body size, rate of sgexual maturity
and emergent period--exerted a significant part of their

influence on growth to 12 weeks of age in Jemales of Trial 1



and 2. It appears that egg size exerted its influence up to
about eight weeks of age. Adult body size began exerting lts
influence at about two to six weeks of ape, while rate of matu-
rity began exerting 1its influence at about four weeks of age.
The influence of emergent period appears later, or at about

six weeks of age.

It would appear that at 12 weeks of age adult body size
was exerting the most influence on growth with rate of séxual
maturity, egg size and emergent period next in order as shown
by coefficients of determinations of 36 percent, 1l percent,
3.5:§ercent, and 3.l percent respectively.

The variations that were observed in the time required
for chicks to overcome egg.size may be the ;esult of several
factors; The amount of selection for growth that has been
practiced may be a éause of variation., In Trial 3 - 501,
the chiecks were from a flock which had been selected for growth.
The advantage of egg size in this group was overcome by three
weeks of age in both sexes. Trial 3 - A-13, chicks were grown
at the ssme time and on the same ratlon. These chicks were
from a flock with little selection for growth. Here 1t took
3 to b weeks longer to overcome the advanﬁage of egp size.
Therefore, 1t seems that the rate of growth determines to some
extent how long egg size alfects growth. The Tast growing
chicks seem to overcome the effect of egg size sooner than do
gslow growing chicks. The environment under which the chicks

were grown causes some varliation in time required to overcome

=]

egg 8lze. Trisl 2 was conducted during the late spring and

4
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sarly summer. Both the males and females required elght weeks
or longer Lo overcome the effect of egg slize. As growth was
delayed by the high environmental temperature, this would appear
to substantiate the fact that rate of growth determines to soﬁe
extent how long egg size affects growth. The time at which
the chicks are remqved from the incubator leads to some varia-
tion. Trial li chicks were removed from the incubator within
eight hours after emerging from the shell. In this trial large
correlations were obtained the first four or five weeks for
both sexes. After this time, the advantage of egp size is
quickkly overcoms. - In all the data, weight of birds which died
at any age are included. In some instances this may influence
the resulting corrslatlions. Some variation of the time re-
quired to overcome egg size may be due to the result of wor-
tallty.

The two instances where sigﬁificant correlations were

found at twelve weeks of age might be caused by one or another

2]

ol the above factors, or might be due to the sampling nature
of the correlation coeflicients. The males of Trial 1 ?eré
from a Tlock where little selection for growth rate had been
practiced. As shown in Trisal 3, chicks from such a flock
require a slightly longer time to overcome the advantage of
egg size. Other environmental factors may have had sowme in-
Ffluence. The females in Trial 2 wers grown during the summer
months. The weights of all weeks were smaller than. those in

other trials. Such a retardation of growth during hot weather

was reported by Kewpster {1941) and Usp and Thompson (1927).
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Gutteridge and 0'Weil (19/,2) féund that environment had a
much greater effect than heredity upon the course of growth
during the period of rapid development. Galpin (1939) has
suggeéted that characters vested in the egg, probablyhrélated
to factors controlling the physiological activity of the dam,
influence growth rate. Because §f this delay and that of high
environmental temperature,bthe time required to overcome the
influence of egg size was longer than in those chicks grown
during the cooler part of the year. '

Broiler producers wbuld gain little by obtaining chicks
that were hatched from large eggs. The coefficlents of deter-
mination for egg size and chick weight at one day of age was
approximately B6 percent as compared to about 2 percent at
twelve weeks of age. Egg size at one day of age accounts for
approximately 86 percent of the total variation in chick weight,
while at 12 weeks of age, egg size accounts for only about 2
pércent of the total variation. Broiler‘producers obtaining
chicks hatched from.eggs averagigg 20 to 22 ounces per dozen
may éxpect sétisfactory growth:at.ten to twelve weeks of age.

As shown in this study, little relation exists between
the size of the egg from which the pullet hatched and sexual
maturlty or egg production.

If the size of the egg from which the pullet hatched is
related to sexual maturity, it would be related throush body
size at age of sexual maturity. Callenbach.(lQBh) has shown
that birds which are larger at sixteen weeks of age reach

sexual maturity earlier than do smaller birds. The results
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of this study indicate that larger birds of this strain
generally reach sexual maturity earlier than do the smaller

birds. This data would indicate'that the size of the egg

from which the pullet hatched hasllittle effect on growth éﬁ 
twenty;weeké’of age; therefore, 1itt1e relation could be»e;—; ”
?ected‘tb_exisﬁ*betweén size Qf?iﬁe'egg fromAwhich the pullet
.hatchéd}ahd sexual maturity withiﬁ:this strain.

Hays and Bénnett (1923) have shown sexual maturity to

be correlated with annual egg productlion. Flnne (1948) found

their

0a

that ecarly Séxual maturing birds lay more eggs durin
first laying year than do late sexual meturing birds. As

there was little relationship between the size of the egg

from which the pullets hatched and sexual maturity, little
relation could be expected between size of the egg from which
the pullet hatched and egg proﬂuction.

The difference of the results of the two trials of pullets
housed to study the effect of size of the egg from which the
pullet hatched and reproductive performance may be due to the
extreme différence in wortality réte. Trial 1 had 31 percent
mortality while Trial & had 9 percent moftality. Another
possible source of variation_may,be'the difference of time
each trial was In production. Tfial 1 Was in production for
a duration of 11 months and Trizl 2, 8 months. When the prod-
uction of all birds housed for both trials was considered
1ittle relation appears to exist between the size of the egg
from which the pullet hatched and sgg production. However,

additional data using larger numbers would be desirable before
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coﬁing to a definité conclusion as to the effect that size
of the egg from which the pullet hatched may have on égg*>
production.

It does not seem necessary ﬁhat consideration should be
glven to’the'size of the egg from which the pullet hatched other
than to maintain average egyg size in the flock.

Effect of Lmergent Perlod on Growth And
reproductlve Performance

The results of this study Indicate that early emerging

chicks grow faster than do late emerglng chicks.

Fir

The early emerging chicks, when removed from the incuba-

tor soon aftser hatching, have alight advantage in growth.

iV

=

This slight advantage in growth is probably due to two factors.
Pirst, the chicks secure feed and water sooner. Sscond, those
chicka which emerge sarly may be lfaster growing. By having
Teed snd water avallable sooner, the chiclts which emerge early
and bhecome hungry can qbtain Teed. Little or no loss of weight
occurs because the chicks are soon eating. These chiqks are
able to use the energy of the feed rather than that of the yolk
material. If the chicks remain in the ineubator, there is a
loss of weight due to the absorption of yolk material as a
gource of energy and due to a loss of moisture. FEven with this
loss of welght those chicks which emerged early grew slightly
faster,

The variations found between eme rgenf period and day-~-old
chick weight in Trials 1 and 2 and Trisl I are caused by the

differences in the time the chicks were removed from the



incubator. Chicks in Prials 1 and 2 remalned in the incubator

until the twenty-second day, while those in Trial |} were re-

3

moved within eight hours after emerging from the shell. Those
chicks which emerged early and remained in the incubator for
the duration of the hatchh lost weipght. Those chicks whnich

emerged early and were removed did not lose welght. The early

emerging chicks were slightly larger than the later eamerging

-

chicks. On the average, chicks which were removed from the
incubator soon after hatching weighed about 75 percent of the

original egg

¢ welght while chicks which remained in the incuba-
tor until the twenty-~second day welghed about 70 percent of

the original egg welght. There was approxirately a 5 percent
difference in welght of déy~old chicks between Trial 1 and 2
and Trial L. This source of variation was true for the results
obtained between emergent perlod and growth after cne day-old
for these trials. The chicks which were removed from the in- .
cubafor soon after hatching were able to maintain the advantage
in growth guined by emerglng sarly from the shell.

In most hatchery operations the hatcheryman removes all

his chicks from the incuvator st one tiwme. Generally, this

i1s the beglnning of the twenty-second day of incubation. Fol-
lowing this practice 1llttle advantage in growth is gained by

the early emerging chicks, and the slight gain in growth rate
would probably be more than offset by the cost of labor necded
to remove the early emerging chicks from the hatcher. This
additional cost would no doubt be added to the sale price of

the chicks. In large hatcherlies where chicks are removed
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early in order to reduce crowding in the hatching trays;

the breiler producer would be able to obtain early emerging
chicks., But, about 57.l percent of the early emerging chicks
wef@ females, hence broller producers would have less tatal‘
weipght to sell at ten to btwelve weeks of age. Ackerson and
russehl (1930) and Asmundson and Lerner (1933) have shown
that male chicks grow more rapidly than female chicks.
Cormmercial broiler producers would gain 1little by obtaining
the early emerging chicks,

As showm In this study, generally pullets which emerge
early tend bo reach sexusl maturity sooner and lay a few
more egge than pullets which emecrge later,

Barly sexual maturity Pesulfs in a higher annual egg
production (Hays (19L)1), Hays and Bermet (1923) and Fimnne
(1948)., This explains the resulté obtained in Trial 2
pullets but does not explain the results obtained in Trial
l. In Trial 2 the esarly emerging pullets rcached sexual
maburity sooner and lsid more egszs. The early emerging
pullets of Trial 1 reached sexual matﬁrity later but laid
more eggse This indicates that factors other than sexual
waturity cause a difference of egg production betweén early
and late emerging chicks.

Because of the many environmental factors which influ=-
ence egg production, it is doubtful that much could be
gained by selecting the esrly euwerging pullets for egg pro=

duction,
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The results of these data tend &
large eggs emerge later than do chicks from small eggs.

Although there 1s an indication that large eggs take
longer to hatch than do small eges, the varations observed
within these data indicate that other factors may affect the
time chicks emerge.from the shell. The varlation in the
development of the embryo due to holding temperature, position
of the egg in the cycle and time the egg remains in the ovi-
duct are possible sources of varistion. The environmental
conditions of incubation could affect the emergent period of
the chicks. Smyth and Howes (IQQQ) have shown by selection
that there may be genes controlling the length of incubation

period,
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SUMEARY AND CONCLUSIONS

The effect of egg size on growth and reproductive

performance was studied. From thils study of 693 male and

735 Temale chicks and 323 pulléts the following conclusion

may be drawn:

1.

G

Fge size hag little effeect on growth at ten to

twelve weeks of aga .

Eég size, as 1t influences chick weight, disappears
between four and six Wéeks'of age.

Bgg size and day-old chick weight are highly corre-
lated. |

There i3 no relation between the size of the egg from
whlch the pullet was hatched and sexuai maturity.
There is no relabion beitween the size of the egg from
which the pullet was hatched and egg production,

Hale chicks weigh more than femsle chicks at hatch-~
ing time.

Egg size has no effect on sex ratios,

Adult body size begins exerting ité influence on
growth at about two to six weeks of age.

Réte of sexugl maturity begins exerbting its influ-

ence on growth at about four to six weeks of age,

The effect of emergent period on growth and reproductive

performance was studied. From this study of ;81 male and

506 female chicks and 323 pullets the following conclusion

may be drawn:

1.

Early emerging chicks grow slightly faster than

late emerging chickse



2.

3.

Te

7

Early emerging pullets mature sexually slightly
earlier than late emerging pullets,

Early emerging pullets lay a few more eggs than do
late emerging pullets,

There is no relation between emergent period and
mortality to twelve weeks of age,

There 1s no relation between emergent period and
mortality during the period of egg production.

Egg weight and emergent period is highly correlated;
therefore, the larger the egg, generally, the longer
time required for it to hatech.

Female chicks predominate during the first half of
the hatch, while male chicks predominate during

the second half,



BIBLIMGRAPIY

Ackerson, C. W. and P, E, Mussehl, "Sex Differences in the
Hormal Lrowt? Rate of Chicks.”™ Journal of Asriculture
Research, XL (1930), 863-866.

Asmundson, V. 8. and I, Y. Lerner, "Inheritance of Rate of
Crowth in Domestic Fowl. II. Genetic Variations in
Growth of Leghorns." Poultry Science, XII (1933), 250-

e
LL/O

Atwood, H. "Certain Corvelations in th Teight and Yumber
of fBgps and the Weight of Fowls." West Virginia Agric-
ultural Experiment Station Wul’uf1n 201 {1923}

Atwood, H. and T. 2. Clark. "The Relatlionship Retween the
Number and Weight of Eggs and RBody Weight of Leg Ho“a

Fowls Duriﬂg the First Three Years of “roﬂuCpLOﬁ
West Virginia Agrlcaltural uyperlmunt Statlion RBulletin,

233 (19)0).

Barrott, H. C. "Effect of Temp@raﬁure, Humidity and Other
Factors on Hatch of Hen's Ea and on Energy lMetabolism
of Chick Zmbryos." United ¢ bauvo Depertment of Agricul-
ture Technical Bullelin, 5“3 (19377, ““

k¥

Benjamin, . W. "A Study of Selection Tor the Size, Shape
and Golor of Hen's Beegas."  Cornell Agricultural Experi-
ment Station Memoir, 31 (1920)

Bennlon, N, L. and D. C. Yarren, "Some Factors Affecting
Hgg Size in the Domestic Fowl." Poultry Science, XII

(1933), 362-367.

Bergtold, W. H. A Study of the Incubation Feriods of Birds.
What Determines Their Length, Denver: Lendrick=-Bellany
Compawy, 1917,

Byarly, T C. "Grov+h of the Chick FBubryo in Relation to

Its Foo Pply Journal of Experimental Biology, IX
Byerly, T. C. "Some ~actows Affscting the Length of the
Incubation Perioda Proceedings Fifth World's Poultry

Congress, (1933), 373-379.

Byerly, Te. C. and ¢. W. Xnox. "Date of Hatch and Day Length
Affect Age at Pirst Dgg." Poultry Scilence, XXV (19i6),

587-592.
Jallenbach, ©. W. M"Interrelationship of Body Weight, Rgg
Welthu and Aﬁe of Sexual Maturity.' o ultry Sclence,

YIIT (119"&*), c_OT ~27% "Je




Chambers; T. Ge. Statistical Calculation for Reginners.

Cambridge: Cambridge iniversity Press, 19ib.

Oruz, S. Re. end A. L. Romanoff., "affect of Df“@eﬂ Conc
tration on the Development of the Chiek Exmbryo.
Physiological Zoology, XVIT (19i:l), 184-187.

finne, I. "Hatehing Time, Age at Pirst Laylng snd Number of
Legs From Hens in Thelr Firet Laying Year," Animel Rreed-
ing Abstracts, XVIT (1948), 173.

¥ronda, F. M. and P. B. H. Infante. "Relation in Ducks Retween
Duration of Incubation and Sex." The Philinpine Agricul-
turist, XXXIT (1948), 165, ~

Funk, E. M. "PFactors Influencing Hatchability in the Domestice
Fowl." WMissouri Agricultural Ixperiment Station Bulletin,

‘Bbrl » (1930,

Punk, T. M. and H. L. Kempster. "fgg Weight in the Domestic
Towl." HMissouri Agricultural Experiment Station Bulletin,

332, (1934).

galpin, W. "Pactors Affecting the Hatching Welght of Brown
Leghorn Chickens." Proceedings of the Royal Society of
Edinburgh, LVIII (19387, o0-<113.

Galpin, ¥. "Factors Affecting the Postanatal Growth of Brown
Leghorn Chickens." Jfnmpire Journal of Experimental Apr1c-
ulture, VII (1939), I39-11%

Graham, W. R., Jr. "some Factors Affecting the Weight of Hag
in Domgstic FPowl.® Scilentifie Agriculture, XII (1932),
L{.g ( -Li,L‘- .

Gutteridge, H. S. and J. B. 0'Neil. "The Relative Hffect of
Environment and Heredity Upon Body lMeasurements and I rod-
uction Characteristics in Poultry I. Period of G oxth.

Scientific sgriculture, XXIT (1942), 370-389.

Halbersleben, D. L. and F. E. fussehl. "Relation of Bgg Weight
to Chick Weight at Hatehing.™ Poultry Science, I (1922),

1 3-14ly.
Hays, F. A. "The imoortaﬁce of Length of Incubation Period in
Rhode Island Reds. Massachusetts Agriculture Experiment

Station Bulletin, 3j4, {1941},

Hays, FP. 4. "The Significance of Inherited Charsascters Affect-
ing Egg Production.” Poultry Science, XXITITI (194l), 310-
313.

y Po A, and J. £, Bemmett., "Correlation of Sexual Haturity
to{Annual fgg Record." Poultry Science, II (1923), 205-
200.

=
m

18y




(e}
[
.

Hays, F. A. and C. Hlcolaides.. ifdfiamll¢tb in Development
ot 'resh Lald Fen Tgps.” Poultry Sclenmce, XIIT (1937,
;_90, ' '
1 =90

Hays, F. 4, aﬁd R. Ssnborn. "hHate of Growth in Rhode Island
- Reds." lassachuseits Agriculbure BX eri ent Station
Bullgggﬁ, 259, (1929). -

Henderson, &. W. and L. H. bhanp¢01 "Relationshlp ¥ ctuee
Spesd of #Hatching and Orowth Rate of Chicks.” IHichig
Apriculture Experiment Station @uar berly Hullutin, ;
(1948), 153-203.

Huggins, R. A. "Egg Tewperature of ¥ild Birds Under Watural
Conditions,” colm&_, XXIT (1941), 1h8-157.

Hugging, R. A. and 8. B. Huggins. "Possible Pactors Controlling
Length of Incubation in Birds." American Naturalist, LXXV
(1941), 282-285.

;.,

@

Jull, ¥. A. "The Relation of Antecedent Hgg Production to the
Sex Ratio in the Domestic ¥Wowl." Journal of Agricultursl
Reseapch, WXVIII (1924), 199-22l.

Jull ¥. A, and J. P. Quinn., %“The Shape and Weight of Hggs in
Relation to the Sex of Chicks in the Domestic Fowl.™
Journal of Apgricultural Research, XXIX (1925), 195-201.

Jull Y. A. and J. P. Quinn. "The Relatlonship Between the
ﬁeight of Hzgs and the Weight of Chicks According to
SeX. Journal of Agricultural Research, XXAI (1925),
’)23" )86 .

Kewmpster, H. L. "The Wormal Growth of Chickens." WMissouri
Agriculture gxperiment Station Bulletim, 423, (10L1).

Kosin, T. L. and 3. S; Yunro. "Bvidence of a 3ex Differential
in the Utilization of Shell Calcium by the Chick Embryo."
Scilentific Agriculture, X¥XI {(19L1), 315-31G.

Latimer, H. B. “The Variability in Welght of Leghorn Chicks
at Hatching, Thirty-five Days and Haturity." American
Naturalist, LVIII (1924), 278-282.

Marble, D. R. "The Non-Linear Relationship of Egg Weight and
Annual Production.” Poultry Science, IX (1930}, 257265,

ks

Weight and (rowth Rate of HMarket Chickens." Poultry
Sclence, XXVIIT (1949), 774.

MeClung, M. H. and R. . Smith. "Relationship Between Egg

fcKally, E. H. and T. C. Byerly. "Variatlion In the Develop-
ment of Embryos of Hen's Eggs." Poulbry Sclence, XV

(1936), 280-283.




lMieshew, M. Hoe "The Use of Oxygen in the Hatching of Chicken
and Turkey Bggs at High Altitudes." Poultry Science,
XXVIII (199), 87-97.

Munro, Se. S, and T. L. Kosin. "The Existence of a Sex Differ-
ence in the Veight of Day-Olﬁ Chicks with Wurtﬂer Data on
the Egg Weléht-- Chick Ve Lght Reletionship." Sclentific
Agricul ture, XX (1v¢0), 584-591,

Heel, J. K. %A Calibration of the Devclopment of the Chick
Under Improved Condivions of Incubation and the Relation-
ship of Developmental Rate to Age of Hen and Hatchsbility
Record.” Poulbtry Science, XXI (19L2), 29,-300.

e

Wicolalidss, G. "Relatlon of Time of Laying and Embryonie
Mortality. Poultry Secience, XII (}933), 27M=276.

Olsen, M. W. "The Bffect of Age and Weight of Turkey Egg
on the Lenﬁth of the Incubation Pericd." “ﬁulury Seience,
¥XI (1942), 532-535,

Olsen, M. W. and N. Winton. “Viability and Welght of Chiecks
as Affected by Shippin and Time Without Feed." Poultry
i K (1oh1)y, 2h2-250.

= Feeie

Parkhurst, R. T. "Certain Factors in Relation to Production
and Vrg Wclgﬁt in White Leghorns.” Poultry Scicnce, V
{1925), 121-126,

ht of Chieks from
vy Sclience, XX

Penquite, R. and T. T. Milby. "ﬁatoking Wei
Hens Ped Different Proteiln Levels, Zou
(15h1), 195-200,

é
iz

ps, A. Ce and F. D. Brooks. "Temperature Experiments
During the Incubation of Hen's Eggs." Indiana A;r;culture
e

riment Station Bullstin, 275, (19237,

» Le "Effect of Hwiidity on Growth, Csleium
lsm and Vortal ity of the Chick Wm%rvo.' Journal
of Experimental Zoology, LIV (1929), 3L3-3L8,..

Romanoff, A. L. "Rilochemistry and Biophysis ci the Develop=-
ing Hen's Egge. IT. Influence of Humidity." Cornell
Agriculiture Exneriment Station Wemolr, 132 (19305.

,.

Romanoff, A. L. "Effect of Comp031t10n of Air on the Growth
and Mortality of the Chick Embryo." Journal of XMorphology,
L, {1930), 517-525.

Romanoff, A. L. "Chenmical and Physiolopgical Sex Differences
in Wewly Hatehed Chicks.™ Pouliry Scionce, XYUITI (1948),

bli3-6LL1 %




Ronanoff, 4, L. and H. A. Faber. "&ffesct of Temperature on
the Growth, Pat and Cslclum Netabolism and Mortality of the
Chick Embryo During the Later Part of Incubation.™ Journal.
of Cellular and Comparative Physiology, IT (1933), LE57-45b.

Romanoff, A. L., L. L. 3mith and R. A. Sullivan. "Dispersion
of Rate of Hatch of Chicks as Influenced by Temperature."”
Poultry Scisnce, %I (1922}, 3568-359.

Schmetzler, E. &, "Inheritance of Rate of Growth in 3Rarred
Plymouth Rocks." Poultry Scisnce, XV (1936), 369=-376.

Skoglund, T. C. and A. E. Tomhave. "Relatlonship Between Hgg
Welght, Initial Chick Welght and Subsequent Broilesr Growth."
Delaware Agriculbure Experiment Station Bulletin, 278,

(1497,

Scott, He M. and R. E. Phillips. "Egg 3ize in Relation to
Growth of Narragansett Turkeys." Poultry Sciencce, XV

(1936), h35-438,

Smyth, J. R. and C. E. Howes. "The Tnheritance of Length of
Incubation Period in Chickens." Poultry,Science, XEVIII

Smyth, J. R., C. &, Howes and R. ¥W. Gerry. "Length of Incu=
bation Period in Poultry as Related to Characteristics
of. Progenies.”" Research for Mains Parmers, iaine Agrice
ulburs Bxperiment Stabion b5th Annual Report, (1000).

Taylor, L. W. and €., A. Gunns. "Size of Unincubated Embryo
inhﬁelation to Hatchability." Poultry Science, XIV (1935),

The Natioﬁai Poultry Improvement Plan. United States Depart-
ment of Agriculture Mlscellaneous Publication, Number 300,
(1933 Reviged (19407.

Upp, €. We "Egg wWeight, Day-0ld Weight and Rate of Growth in
Single Comb Rhode Island Red Chicks." Poultry Science,
vII (1927), 151-155.

Upp, C. %+ and R. B. Thompson. "Influence of Time of Hatch on
Hatcheblllity of the Eggs, Rate of Growth of the Chicks
and Cheracteristics of the Adult Female, Oklahoma Asric-
ulture Experiment Station Bulletin, 167, (1527).

Waite, R. H. "The Effect of Age of Eggs on Their Hatchingv
Guality." Maryland Agriculture Experiment Station Bulle=

Waters, N. P, "Inheritance of Body-Weight in Domestic Fowl."”
zhode Island Aprieculture Experiment Stabtion Bulletin, 228,

TI93D)°




oo
a2
.

lght, Ggg Welght, Sexusl Maturity and
Poultry Science, XVI

faters, N. ¥, "Body @
Growth Rate in the Donmestic Fowl."

(1937), 305-313.
fheeler, R. . and BE. Hoffmann., "Influence of Cuantitative
Thyroprotein Treatment of Ien on Length of Incubation
Period and Thyroid Size of Chlcks." Indoerinclogy, XLITI

(1948, 1130-1139,

United 3tates Depart--

H "Tneubation and Incubabors.”

Wood, R. H,
ment of Agriculture Bullstin, 236, {10057.







